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This  errata  sheet  forma  apart  of  the  "Inalre  mentation  Grounding  and  Noise 
Minimization  Handbook,”  Technical  Report  No.  AFRPL~TS-C5-1,  dated 
January  1965, 

Page  1-3;  COMMON-MODE  VOLTAGE:  Tim  word  "niiaxiraum"  slwuld  read 

"mfsiaiu'a''* 

Page  2-5;  Second  paragraph^  dwnge  the  word  "promeabllity"  to  "pernv.iabllltv”. 

Page  2-20:  Second  jwragraph;  the  reference  "signal  '  should  be  reference 
'’signal 

Page  2-22:  Paragraph  2. 1. 6. 5  ''k“  Bollzmans  Contant"  should  read  "k  « 
Boltznuins  Constant''. 

Page  2-25;  Figure  2-13;  the  values  ''Cg  and  C^"  should  be  "e^  and  e-''. 

Page  2-33:  Paragraph  2. 2. 1. 2. 1,  the  word  "realy''  should  read  "relay". 

Page  2-39:  Third  paragraph;  change  "Asignificant  movement"  to  "A  signLficant 
improvement"^. 

Page  2-55;  First  paragraph;  the  word  "appose"  should  be  "oppose". 

Page  2-62:  Last  paragraph;  delete  reference  to  the  F.ibhography  and 
substitute  the  following:  "refer  to  the  article  of  May  1963, 

Electro  Technology.tlUed  "Specification  and  Testing  of 
Shielded  TransKtmers"  by  Bernard  I.  Sommer  and  Gerald 
.  W.  Pllce", 

£*  E 

Page  2-73:  Equation  CMR*-*^”'  should  be  CMR“g^^ 

“'nm  "nm 


'  Z  % 

(R3  -  Rj)  CMR  »(K^^r^ 

Page  2-93;  First  paragraph;  second  line,  change  "require  tliat  Zj  by  less  than 
2.7  picofarads"  to  "require  that  Zj  ^  less  than  2.7  picofarads". 

Page  2-95:  The  value  "e»=  Coulomb  change"  should  read  ”e=-  Coulomb  charge". 

Pages  2-99,  2-100,  2-101,  2-104,  3-13:  Figures  2,-73,  2-74,  2-75,  2-78  and 
.  3-6  add  the  term  "Recommended"  to  ttiesc  figures. 

Page  5-2:  Figure  5-1;  change  FILTER  500  cy  to  FILTER  500  CPS 

^  .  and  A/C  CONVERTER  to  A/D  CONVERTER. 
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FOREWORD 

At  the  pres'tnt  time  instrumentation  systems. are  undergoing  &  rapid  change  brought 
about  by  advances  in  the  state-of-the-art  in  electronics,  electronic  systems,  and 
by  the  stringent  data  requirements  of  space  programs.  One  particular  area  of 
significant  importance  In  obtaining  reliable  and  accurate  data  at  high  acquisition 
rates  which  has  not  been  able  to  keep  stride  with  these  advances,  is  the  proper 
grounding  of  Instrumentatfon  circuits,  both  analog  and  digital.  Since  there  are 
many  methods  of  instrumentation  grounding  In  practice,  a  unified  approach  to  this 
problem  is  urgently  needed.  The  number  of  different  approacheo  used  in  grounding 
Indicates  very  clearly  that  present  day  grounding  design  is  still  somewhat  of  an 
art  and  continues  to  reflect  the  initiative,  imagination,  and  experience  of  the  par¬ 
ticular  individual  who  designed  or  Implemented  the  system  or  facility. 

Material  presented  in  this  handbook  Is  general  In  nature  with  sufficient  Information 
given  that  an  instrumentation  engineer  or  a  facility  power  engineer  may  apply  to 
his  more  detailed  requirements  the  fundamentals  necessary  which  wlii  produce  a 
low  noi.se  and  high  accuracy  data  acquisition  system.  The  information  is  primarily 
direc'.  ed  toward  modern  digital  data  acquisition  systems  which  are  becoming  the 
byword  for  high  speed  and  accuracy  in  data  acquisition.  Analog  data  acquisition 
Is  a  very  necessary  means  of  obtaining  "quick-look"  data  required  to  monitor  the 
progress  of  test  firing,  launch,  etc.  Analog  systems  are  considered  and  details 
are  given  for  the  proper  grounding  of  these  devices  relative  to  the  elimiiwtlon  of 
common-modo  voltages. 

Because  of  the  many  Inter-relationships  of  instrumentation  subsystems  the  reader 
will  find  areas  of  duplication.  However,  this  redundancy  is  necessary  in  order 
that  continuity  be  preserved  and  that  as  many  aspects  as  possible  of  the  subject  be 
presented  so  that  the  respective  viewpoints  ot  each  Interested  reader  would  be 
considered. 

This  handbook  has  been  written  to  bring  together  a  common  reference  for  the 
solution  of  grounding  problems  in  instrumentation  systems  and  in  power  systems 
where  the  power  system  is  Installed  nearby  and. for  the  purpose  of  supplying  pri¬ 
mary  power  to  the  data  facility. 

This  handbook  is  the  result  of  an  Air  Force  sponsored  study  of  grounding  tech¬ 
niques  for  the  minimization  of  instrumentation  noise  problems  and  represents 
the  first  known  comprehensive  effort  of  Its  kind  In  the  field  of  dato  Instrumentation 
and  acquisition.  Further  work  and  study  into  tlie  nature  of  grounding  is  suggested 
In  order  that  a  more  complete  understantHhg  of  earth  currents  and  stray  potentials 
be  obtained.  ■  \ 
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It  is  hoped  tliat  this  handbook  wlH  provide  the  basis  and,  more  important,  the  in¬ 
centive  for  further  study  into  this  often  neglected  and  very  important  area  of  data 
instrumentation  and  acquisition.  ‘ 
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1.  introduction 


The  information  covered  in  this  handbook  is  based  bn  laboratory  experiments  con¬ 
ducted  and  directed  by  a  number  of  weli  quailfied  data  acquisition  and  data  reduc¬ 
tion  systems  engineers.  This  section  contains  tlie  Safety  and  Code  Requirements- 
and  a  glossary  of  the  major  terms  used  throughout  this  liandbook.  Section  2  is 
divided  into  two  categories;  (i)  causes  of  noise,  and  (2)  noise  reduction  and  pre¬ 
vention.  In  the  first  part,  ait  major  noise  causes  are  described  and  defined.  The 
second  part  then  presents  methods  of  noise  prevention  or  reduction  based  on 
theoretical  as  well  as.imperical  knowledge  of  grounding  and  noise  reduction  and 
prevention,  Questi^hs  which  will  be  answered  are:  VVhat  is  the  best  grounding 
technique  to  use  wUh  analog  and  digital  data  acquisition  systems?  What  type  of 
shielding  is  required  in  electromagnetic  fields  and  electrostatic  fields?  What 
effect  does  twisting  of  data  instrumentation  lines  have  against  noise?  Should 
isolation  by  provided  between  instrumentation  grounds  and  power  grounds  via 
Isolation  transformers?  What  is  common  mode  voltage  and  what  are  its  effects 
on  data  instrumentation?  What  is  the  impoidance  of  a  good  earth  connection  for 
grounds?  Section.  3  describes  the  recommended  system  design  practices  v/hich 
have  been  studied  and  concluded  to  be  of  most  value  in  tlie  selection  of  a  data 
instrumentation  facility,  power  usage  and  location  within  the  facility  area,  and 
the  overall  grounding  philosophy  for  both  Instrumentation  and  power  circuits, 
including  the  relative  values  of  incadescent  lighting  vs  florescent  lighting.  The 
basic  National  Electrical  Codes  are  mentioned  and  deviations  for  the  purpose  of 
reducing  noise  are  given  in  detail,  Section  4  gives  the  grounding  principles 
which  are  best  suited  for  ail  major  subsystems  of  a  somewhat  sophisticated  data 
acquisition  system.  Also  inclnded  are  the  peculiar  characterlstice  of  each  sub¬ 
system  as  to  Its  Susceptibility  to  noise.  This  section  also  dlsc.usses  the  import¬ 
ance  of  analog  and  digital  circuit  isolation  and  separation  of  grounds,  proper 
grounding  of  cabinets  and  stnictures,  and  how  a  common  mode  voltage  can  be 
reduced  to  a  minimum.  Section  5  is  a  compilation  of  good  practices  necessary 
in  the  modification,  operation,  and  maintenance  of  a  low  noise  and  highly  accurate 
data  instrumentation  and  acquisition  system, 

1.1  SAFETY  AND  CODE  REQUIREMENTS 

The  design  and  construction  of  any  test  favllity  and  its  associated  equipment  should 
provide,  under  all  conditions  of  operation,  maximum  practical  safety. to  personnel, 
property,  and  equipment.  The  purpose  of  the  various  electrical  codes  is  to  spec¬ 
ify  the  minimum  requirements  which  electrical  systems  must  meet  to  result  in  a 
safe  installation.  The  introduction  to  the  National  Electrical  Code  stales  its 
purpose  as  follows; 

"The  purpose,  of  this  Code  is  the  practical  safeguarding  of  persons  and  of ' 

buUdings  and  their  contents  from  hazards  the  use  of  electricity 


for  light,  heat,  power,  radio,  signalling,  and  for  other  purposes. "  |  . 

#if« 

"This  Code  is  hot  Intended  as  a  design  specification  nor  an  Instruction 
manual  for  untrained  persons. " 

111  essence,  the  National  and  Local  Electrical,  codes  specify  minimum  requirements  J 
f6r  a  safe  electrical  Installation  while  permitting  and- encouraging  the  design  and 
installing  agencies  to  exceed  code  requirements,  where  desired,  to  produce  a 
more  efficient,  convenient,  and/or  exp.andable  electrical  installation.  I 

The  applicability  of  electrical  codes  varies  with  tlve  locality.  Some  states  have  no 
codes  of  their  own  and  require  that  electrical  installations  conform  to  the  National 
Electrical  Code  which  is  a  standard  of  the  National  Board  of  Eire  Underwriters.  W 
Other  states  publish  an  electrical  code,  either  separately  or  as  part  of  a  general  S 
building  code,  which  broadly  embraces  the  National  Electrical  Code  but  specifie.s 
certain  exceptions.  Sotjae  states  publish  a  comple'e,  separate.  Independent  elec-  S 
trlcal  code  which  may  differ  from  and  be  more  stringent  than  the  National  Eiectri-  g 
cal  Code  on  any  partlcuLir  item.  Some  counties  and  municipalities  also  publish 
electrical  codes  which  govern  installations  within  their  boundaries.  ^ 

The  enforcement  and  Interpretation  of  electrical  code  requirements  are  jsnerally  ^ 
the  responsibility  of  a  local  organisation,  such  as  a  Department  of  Industrial  Safety, 
formed  by  tl)e  city,  county,  or  state  government  issuing  the  applicable  code.  In  ,  as 
the  case  of  a  facility  which  will  be  located  on  U.S.  Government  property,  remote  p 
from  major  popul.ttion  centers,  the  state  or  local  officials  usually  relinquish  in¬ 
spection  and  enforcement  of  code  requirements  and  this  task  falls  to  the  federal 
agency  responsible  for  the  Installation  (such  as  the  U.  S.  Army  Corps  of  Engineers  W 
or  the  Base  Facilities  Engineering  Group).  In  such  Instances,  the  federal  agency  B 
generally  requires  compliance  v/lth  the  National  Electrical  Code,  ,  . 

Because  of  the  "patchwork"  nature  of  electrical  code  applicability  and  since  most  "f 
of  the  instrumentation  and  data  acquisition  systems  affected  by  this  handbook  will  J 
be  installed  on  U.S.  Government  property,  subsequent  references  to  the  "Code" 
will  mean  the  National  Eiectrlcal  Code.  Those  facilities  which  must  conform  to  T' 
state  or  local  electrlc.il  codes  will  require  additional  Investigation  in  the  early  de¬ 
sign  stages  to  assure  compliance  with  ail  requirements  of  the  local  code. 

1. 2  GLOSSARY  •  1- 

ACCURACY:  The  numerical  ditterence  between- any  value  and  the  true  value. 

Applied  by  transferance  to  the  Instrument  or  system  producing  the  value.  Dis¬ 
tinguished  from  precision:  U 

1.  Insttuniental  -  tlie  accuracy  of  a  measurement  after  the  errors  caused  by 
eleme..is  external  to  the  Instrument  are  removed.  A  measure  of  tlie  accu¬ 
racy  of  the  Instrument  proper. 


2.  Trahbducer  -  the  ratio  of  the  error  to  the  fulUscale  output  (expressed 
as  "within  percent  of  full-scale  output")  or  the  ratio  of  the  error  to 
the  output,  expressed  in  percent. 

ALTERNATING  CURRENT  (AC);  Electric  current  that  reverses  Its  flow  in  each 
directional  regular  alternate  Intervals.  The  frequency  of  the  change  in  flow  is 
expressed  in  cycles  per  second. 

AMPLIFIER  BUFFER:  An  amplifier  used  to  Isolate  the  out,  it  of  any  device;  e.g., 
oscillator,  from  the  effects  produced  by  changes  in  load  from  subsequent  circuits. 

ANALOG-TO-DIGITAL  CONVERTER  (ADC):  An  instrument  used  to  convert  ana¬ 
log  voltages,  either  low  level  (  10  MV  full  scale)  or  high  level  (  10  V  full  scale) 
voltages  to  digital  binary  coded  values  which  are  proportional  to  the  analog  input 
voltages. 

BALANCED  LINE:  A  transmission  line  consisting  of  two  conductors  in  the  pres¬ 
ence  of  ground,  capable  of  being  operated  in  such  a  way  that  tiie  voltages  of  the 
two  conductors  arc  equ<'tl  in  magnitude  and  opposite  in  polarity  with  respect  to- 
ground,  the  currents  in  the  two  conductors  are  equal  in  magnitude  and  opposite 
In  direction. 

COMMON  MODE  INPUT;  Common-mode  Input  ts  defined  as  that  signal  applied 
in  phase  equally  to  both  inputs  of  a  differential  amplifier. 

COMMON  MODE  GAIN:  Common-mode  gain  Is  defined  as  the  ratio  of  the  common- 
mode  output  voltage  divided  by  the  common-mode  input  voltage, 

COMMON  MODE  REJECTION:  The  ability  of  an  amplifier  to  reject  a  siimal 
common  to  both  its  input  terminals.  Common-mode  rejection  (CMR)  is  the  ratio 
of  the  applied  common- mode  input  voltage  to  the  equivalent  normal-mode  output 
signal  it  produces, 

COMMON  MODE  VOLTAGE:  That  amount  of  voltage  common  to  both  Input  lines. 
Usually,  a  miaximum  voltage  Is  specified  which  may  l>e  applied  without  breaking 
down  insulation  between  tlie  input  circuit  and  ground. 

CONDUCTED  INTERFERENCE:  Caused  by  the  coupling  effect  of  capacitance, 
resistance,  and  inductance  to  the  source  of  interference. 


electromagnetic  induction  -  or  INDUCTIVE  PICKUP:  Refers  to  inter¬ 
ference  coupled  to  the  measuring  circuit  Umough  magnetic  fields. 

ELECTROSTATIC  INDUCTION:  Soroetlmeff  referred  to  as  capacitive  induction, 
is  due  to  the  unavoidable  capacitance  between  the  instrument  or  Its  wiring  and  tiie 
surroundings. 

FACILiry  POWER  SYSTEM:  That  portion  of  the  electrical  power  distribution  and 
utilization  system  on  tlie  secondary  side  of  the  main  electrical  service  transform  - 
cr(s)  for  the  teat  facility. 

GROUND:  A  conducting  connection,  whether  Intentloiial  or  accidental,  between  an 
electric  circuit  (orequlpment)  and  earthy  or  to  some  other  conducting  body  which 
serves  in  place  of  the  earth. 

GROUND,  ANALOG:  Associated  with  the  Input  circuits  of  an  Instrumentation 
system.  Analog  ground  circuits  are  Isolated  from  one  another  and  are  connected 
together  at  only  one  point,  (e.g.  ground  bus,  plate,  etc.)  and  then,  if  required, 
this  point  can  be  connected  to  earth. 

GROUND,  CrRCUIT:  That  portion  of  an  electrical  or  electronic  circuit  whlcli  is 
kept  at  essentially  zero' volts  with  respect  to  the  power  supply  voltages.  This 
ground  circuit  Is  not  necessarUy  connected  to  earth.  An  electronic  circuit  will 
perform  whether  or  not  Its  ground  circuit  Is  connected  to  eai‘th. 

GROUNDED  NEUTRAL:  The  neutral  wire  is  metallically  connected  to  ground. 

GROUND  LOOP:  A  path  through  which  current  may  flow  from  any  starting  point 
through  a  system  and  back  to  the  original  starting  point. 

GROUl®,  POWER:  The  power  ground  as  defhied  by  the  National  Electrical  Code  Is 
any  electrical  connection  between  power  system  conductors  (usually  the  neutral 
conductors)  conductor  enclosure  or  equipment  enclosure  and  earth  With  25  ohms  or 
less  resistance  to  earth.  This  ground  Is  for  the  protection  and  safety  of  personnel. 

ISOLATED  DIFFERENTIAL  AfdPLIPIER:  A  differential  amplifier  whose  Input  sig¬ 
nal  lines  are  conductlvely  Isolated  from  the  output  signal  lines  and  chassis  ground. 
An  isolated  differential  ampllfer  is  a  differential  amplifier,  but  not  all  differential 
amplifiers  are  Isolated. 

JUNCTION  OR  THERMAL  POTENTIALS;  Can  contribute  to  error  and  are  of  spe¬ 
cial  concern  In  handling  low  level  DC  signals.  Items  such  as  the  cable  flexing  ■ 

1-4-  '■  V..  ‘ 


noise  that  arises  in  the  use  of  pH  nxeters  and  ion  chambers  mi^it  also  be 
piaced  in  this  category. 


N.  E.  C. :  National  Electric  Code,  whicJi  stipulates  the  use  of  wire  and  cable  in 
buUdlngs  and  factories.  Most  city  electrical  codes  are  derived  from  it.  It  has 
been  compiled  by  Uie  fire  underwriters  and  wire  and  cable  manufacturers. 

NOISE:  Any  disturbance  or  spurious  signal  which"  modifies  the  transmission, 
indicating  or  recording  of  the  desired  data. 

1.  A mpllfade  of.  When  impulsive  type  noise  is  of  random  occurence  and 
so  closely  spaced  tliat  the  individual  wave  slapes  are  not  separated  by 
the  receiving  equipment,  tJien  the  noise  has  the  wave  shape  and  charac¬ 
teristics  of  random  noise.  Random  noise  amplitude  is  proportional  to 
the  square  root  of  the  bandwidtii. 

If  the  impulses  are  separated,  the  rioise  no  longer  has  the  wave  shape 
of  random  noise  and  its  amplitude  is  directly  proportional  to  the  band¬ 
width  of  the  transmission  system. 

2.  Electrical.  Unwanted  electrical  energy  other  than  cross  talk  present 
In  a  transmission  system. 

3.  Gaussian.  A  noise  whose  power  is  distributed  according  to  normal  or 
Gaussian  dlstrlbuHon. 

4.  Impulse.  Noise  generated  in  discrete  energy  btirsts,  not  of  random 
nature,  and  v/hich  has  a  characteristic  n’ave  shape  of  its  own. 

5.  In  Measurements.  Generally,  Random  Errors  and  other  errors  that 
hav«.a  relatively  high  frequency  (short  period)  compared  to  that  of  other 
errors  such  as  most  Systematic  Errors  and  as  compared  to  the  highest 
frequency  component  of  the  phenomenon  observed. 

6.  Random.  Noise  in  which  the  frequency  and  phase  of  the  components  . 
vary  entirely  at  random.  It  is  characterized  by  a  peak  to  average  noise 
level  ratio  in  the  order  of  3:4  to  4:5.  This  Is  a  broadband  type  noise. 
Thermal  and  shot  noise  are  typical. 

7.  White.  A  noise  whose  power  is  distributed  uniformly  over  all  irequencies 
and  has  a  mean  noise  power  unit  bandwidth.  Since  idealistic  white  noise 
is  an  impossibility,  bandwidth  restrictions  have  to  be  applied. 

PRECISION: 

1,  A  measure  of  a  reproductability  with  v/hich  one  instrument  (or  several 
instruments  of  the  same  type)  can  reproduce  repeatedly  measurements 
of  the  same  quantity.  If  the  precision  is  high,  such  results  will  iie  with¬ 
in  a  narrow  range. 
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2,  Adapted  for  extremely  accurate  scientific  measurements.  It  is  not,  how¬ 
ever,  a  guarantee  of  accuracy  (negligible  error),  because  precision  re¬ 
fers  to  the  measuring  instrument  and  does  not  cover  external  sources  of 
error  inherent  in  the  measuring  method, 

3,  Computation,  The  degree  of  exj.ctnes5  with  which  a  quantity  is  stated,  as 
constrasted  with  ACCURACY,  whlcli  is  the  degj  ee  of  exactness  with  which 
a  quantity  is  known  or  observed, 

4,  Of  Measured  Data  or  of  a  Measuring  Instruiner.l,  In  general,  the  uniform¬ 
ity  of  data  from  repeated  measurement.';  of  tlie  same  constant  phenomenon. 
In  the  case  of  a  constantiy  changing  phenomenon,  the  word  precision  has  a 
simUar  meaning.  The  best  measure  of  precision  in  the  latter  case  is  tlie 
STANDARD  ERROR  OF  ESTIMATE  (S).  The  smaller  S  is,  the  higher  the 
precision.  Precision  usually  is  a  function  of  Ute  time  interval  between 
measurements  and  so  should  be  qualified.  See  ACCURACY. 

RADIATED  INTERFERENCE;  Caused  by  radiatk>ii  cf  magnetic  field  from  a  trans¬ 
mitter  and  induced  or  "picked-up"  by  a  receiver  located  at  a  considerable  distance 
from  the  transmitter. 

SHIELD;  A  metallic  sheath  placed  around  an  insulated  conductor  or  group  of  con¬ 
ductors  to  protect  against  extraneous  currents  and  fields.  Generally  this  shield 
is  a  metallic  braid,  but  it  could  be  spiraled  copper,  aluminum-backed  Mylar  tape, 
or  conductive  vinyl  or  rubber. 

TRANSDUCER;  A  device  which  converts  the  energy'of  one  transmission  system 
into  the  energy  of  another  transmission  system.  A  loudspeaker  and  a  phonograph 
pick-up  are  two  examples  of  transducers,  the  former  changes  electrical  energy 
into  acoustical  energy,  and  the  latter  changes  mechanical  Into  electrical  energy. 
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2.  SYSTEM  DESIGN 


2.1  CAUSES  OF  NOISE 

2.1.1  POWER  EQUIPMENT  AND  TRANSMISSION  SYSTEMS 

Electrical  power  generation,  utilization,  control,  transmission,  and  distribution 
equipment  and  conductors  are  all  potential  sources  of  Instrumentation  system 
noise.  The  Interference  generated  by  power  system  sources  can  be  divided  into 
two  categories: 

a.  Noise  at  power  frequency  and  harmonics  of  the  power  frequency. 

b.  Broad  spectrum  radio-frequency  noise. 

Noise  of  Ihe  former  classification  is  caused  primarily  by  utility  and  facUlty  power 
transmission  and  distribution  lines.  The  latter  type  of  noise  Is  most  Often  asso¬ 
ciated  with  generation,  utilization  and  control  equipment,  and  with  power  utility 
high  voltage  transmission  and  distribution  lines, 

2. 1.1.1  Noise  at  Power  Frequency 

Noise  at  the  power  frequency  and  harmonics  of  tlie  power  frequency  appears  In 
data  transmission  lines  by  virtue  of  the  resistive,  Inductive,  and  capacitive  i.ou- 
pllng  between  the  data  transmission  lines  and  power  transmission  and  distribution 
lines.  Parallel  conductors  exhibit  h  nh  mutual  inductance  and  capacitance  between 
one  another.  Since  power  conductors  carry  relatively  large  currents  and  operate 
at  higher  voltages  than  data  transmission  lines,  power  frequency  voltages  may 
appear  on  the  data  transmission  lines  through  this  coupling  and  cause  considerable 
noise  problems.  In  addition,  if  care  is  not  taken  to  properly  ground  the  data  ac¬ 
quisition  system  (See  Sections  2  and  3)  ground  currents  associated  with  the  power 
system  may  be  coupled  to  the  data  transmission  system  reslstively,  capacltlvely 
and  inductively.  Power  frequency  noise  can  be  minimized  by  eliminating  or  mini¬ 
mizing  the  amount  ol  coupling  between  power  conductors  and  data  transmission 
conductors.  The  effects  of  coupling  between  circuits  and  of  ground  currents  are 
covered  in  greater  detail  in  other  sections  of  this  handbook. 

2. 1.1. 2  Radio-Frequency  Noise 

Broad-band  radio-frequency  noise  Is  caused  by  some  rotating  equipment,  power 
and  control  switching  devices,  electric  discharge  lamps,  and  high  voltage  power 
transmission  lines  and  equipment.  This  is  due  to  the  arcing  and  corona  effects 
produced  by  this  type  of  equipment. 

Rotating  Equipment  which  contains  brushes  and  commutators  or  slip  rings  is  sub¬ 
ject  to  arcing  to  vaiylng  degrees,  depending  upon  the  basic  design  of  the  equip-  • 
ment.  A  motor  or  generator  utilizing  a  commutator  (such  as  a  ''universal"  motor' 


often  used  in  portable  power  tools  or  a  DC  moto  ^r  r)  will  generate  an 

arc  each  time  a  commutator  bar  slides  from  und(  •  a  bruth.  Cnreful  design  of 
the  equipment  will  rainimlze  ar-ting  and  It  Is  generally  desirable  to  do  so  not  only 
from  the  standpoint  of  radiated  Inter..  ■  race,  but  from  a  malntoiwnce  standpoint 
as  well.  Excessive  arcing  will  resu"  in  a  burned  commutator  and  shortened  brush 
life.  Another  source  of  arcing  in  commulator  and  slip  ring  machines  is  brush 
bounce  vAlch  Is  iue  to  poor  design  and  maintenance.  Arcing  can  sometimes  occur 
in  rotating  equipment  which  does  not  contain  commutators  or  slip  rings  due  to  the 
discharge  of  a  build*rp  of  static  charge  between  the  rotor  and  stator.  Such  arcing 
Is  gener.ally  loss  serlone  than  that  produced  by  commutators  dr  slip  rings  because 
it  occurs  lean  frequently,  is  of  lower  energy,  and  can  bo  ollmlimted  by  the  use  of 
conductive  bearing  lubricants  or  grounding  brushes.  Noise  from  rotating  machin¬ 
ery  can  bo  minimized  by  using  induction  motors  (which  contain  neither  commuta¬ 
tors  nor  slip  rings)  wherever  possible  and  by  excluding  rotating  equipment  from 
areas  c  mining  low-level  instimraentatlou  circuits. 

Pow..r  ...  xil  switching  equipment  such  as  switchgear  aixl  motor  control  cen¬ 
ters  is  a  source  of  electric  arcs  and  switching  transients  in  normal  operation. 

The  majority  of  power  circuits  being  switched  in  a  typical  liiBtrumentation  test 
facility  are  Inductive.  When  an  inductive  circuit  is  opened,  a  large  pa-rf  of  the 
energy  stored  In  the  Inductive  field  is  dissipated  as  an  arc  at  the  opeain";  contacts. 
The  noise  produced  can  best  be  minimized  by  placing  the  switched  power  circuits 
as  far  as  iwsslble  from  the  susceptible  instrumentation  circuits.  Where  isoiation 
Is  not  [Kissiblo,  arc  suppression  devices  can  be  applied  although  degradation  bi re¬ 
lay  operation  sometimes  results.  Arc  suppression  devices  Introduce  a  delay  in 
the  release  time  of  relays,  a  characteristic  which  might  be  detrimental  in  some 
applications.^ 

Another  source  of  radiated  and  conducted  radio  frequency  nolso  is  electric  dis¬ 
charge  of  lighting  fixtures  such  as  fluorescent  and  mercury  waiwr  fixtures.  The 
generation  of  noise  is  due  to  the  action  of  an  arc  which  exists  at  the  cathode  of  the 
lamp.  One  solution  is  to  use  Incandescent  fixtures  in  areas  which  contain  equip¬ 
ment  or  data  transmission  lines  susceptible  to  radio  frequency  Interference.  How¬ 
ever,  the  present  tendency  toward  increased  Illumination  levels  and  the  relatively 
greater  effeclcncy  of  electric  discharge  fixtures  make  this  solution  un.acceptabie 
In  many  cases.  The  noise. from  the  arc  is  trai.sf erred  to  susceptible  circuits  by 
direct  radiation  from  the  arc  and  by  radiation  and  conduction  from  the  circuit  feed¬ 
ing  the  fixture.  Attenuation  of  tJiese  two  transmission  piths  la  treated  separately. 

a.  Radiation  from  the  arc  can  be  attenuated  either  by  placing  the  noise  source 
as  far  as  possible  from  the  instnimentatlon  circuits  (61X111.11  isolation)  or  by 
-•  ,  shielding.  Generally,  if  a  fixture  is  more  than  ton  feot  away  from  suscepti¬ 
ble  circuits,  the  effect  on  the  circuit  will  be  negligible.  ^  This  solution  will 
almost  always  be  applicable  to-mercury  vapor  fixtures  which,  because  Uiey 
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are  an  intense,  hlgh-outpul  source,  are  usually  mounted  high  above  Uie  area 
to  be  lighted.  Where  fluorescent  fixtures  must  be  mounted  In  areas  sensi¬ 
tive  to  radio  frequency  noise,-  it  Is  possible  to  obtain  fixtures  with  a  diffuser 
or  bus  panel  which  incorporates  a  tninsparent  conductive  coating  and  care¬ 
ful  bonding  between  the  diffuser  and  fLxbire  reflector.  Such  a  fixture,  when 
equipped  with  a  line  filter,  wUi  meet  military  specifications  MIIj-1-16910A, 
M1L-1-6181D  and  MIL-I-26000. 

b.  Radiation  and  conduction  of  noise  through  electrical  wiring  to  electric  dis¬ 
charge  fOctures  la,  In  some  ways,  moro  serious  than  radiation  directly 
from  the  arc  because  the  noise  may  be  conducted  a  considerable  distance 
from  the  source.  Ihe  best  w-ay  to  block  this  path  is  by  Instolllng  a  filter  In 
the  line  at  the  fixture.  Such  filters  are  commercially  available. 

Hlgli  voltage  transmission  lines  and  hardware  are  sources  of  radio  frequency 
noise  In  the  form  of  corona.  The  formation  of  corona  on  transmission  lines  is 
Influenced  by  many  TOrlablos,  some  of  which  are: 

a.  Voltage 

b.  Conductor  diameter 

c.  Type  of  conductor 

d.  Surface  condition  of  conductor 

e.  Line  configuration 

f.  Design  and  Installation  of  hardware  '  "% 

g.  Weather  ^ 

h.  Barometric  pressure 

1,  Temperature 

The  first  six  Items  depend  primarily  upon  design  and  InsUllatlon  of  the  transmis¬ 
sion  line  and,  for  a  nev'  lice,  can  be  controlled  to.  produce  minimum  corona,  sub¬ 
ject  to  economic  trade-offs  and  restrictions. 

Corona- and  associated  radio  noUe  on  a  given  transmission  line  may  vary  by  a 
factor  of  10  to  1  in  a  relatively  short  period  under  stable  fair  weather  conditions. 

The  variation  between  fair  weather  and  rain  or  fog  can  bo  more  than  another 
order  of  magnitude.  To  date,  ho  simple  relationship  has  been  found  which  would 
ei\able  the  designer  of  a  transmission  line  to  predict  accurately  the  worst  case  i. 

radio  noise  at  a  point  along  the  line.  Transmission  lino  design  for  a  tolerable  j 

radio  noise  level  is  based  on  corop.irlsons  and  eiqierience  with  existing  similar  i 
linos  for  wliich  the  noise  level  and  Uie  significant  parameters  are  known,'*  V'aluoS  ' 
of  radio  frequency  Interference  as  low  as  130  UV  per  meter  and  as  higii  as  2200, UV 
per  meter  have  been  measured  beneath  130  KV  lines  of  different  design  under  fair 
weather  conditions.® 


Radio  frequency  noise  due  to  high  voltage  transmission  line  corona  can  bo  mini¬ 
mized  by  spatial  isolation  and  by  careful  line  design  and  Installation  practices. 
Isolation  Is  the  only  approach  available  for  an  e.'clstlng  line.  As  a  rough- 
approximation,  radio  frequency  noise  from  this  source  Is  attehuat  jd  at  the  rate 
of  O.f  to  0.3  db  per  foot  out  to  150.  feet  from  ihe  outer  conductor.  The  approxi¬ 
mate  attenuation  then  drops  off  rapidly  beyond  this  point.  Typical  values  for  a 
230  KV  line  presently  Installed  on  the  Bonneville  Power  Administration  system  In. 
Washington  State  range  from  approximately  200  UV  per  meter  Immediately  under 
the  line  to  10  UV  per  meter  at  a  point  400  feet  horlEontally  from  the  outer  conduc¬ 
tor.  ®  The  measuiemeivts- were  made  at  800  KC  with  a  quasl-peak  meter  under 
fair  weather  conditions.  The  second  approach,  Uiat  Is,  designing  the  transmission 
line  for  low  corona  should  be  followed  for  new  lines  passing  within  one  or  two 
miles  of  an  area  containing  instrumentation  circuits  sensitive  to  radio  frequency 
noise. 

2.1.2  electromagnetic  RADIATION 

Principles  of  Electromagnetic  Radiation  -  Accoiding  to  Faraday's  Principle: 


"When  a  magnetic  field  cuts  a  conductor,  or  when  a  conductor  cuts 
a  magnetic  field,  an  electric  current  will  flow  through  the  conductor 
if  a  closed  path  is  provided  by  which  the  current  can  circulate. " 


This  current  will  flovc  only  while  tho  magnetic  field  Is  changing  or  while  the  con¬ 
ductor  itself  is  being  moved  through  the  magnetic  field.  (See  Figure  2-1)  ■ 


Thus,  the  value  of  Induce  voltage  (e.m.f.)  varies  directly  with  the  change  In  flux 
or  flux  Cut  and  Inversely  with  the  time  of  cutting- 
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and  for  average  values.. 
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E-  N~10-® 

The  induced  erof  will  be  in  volt«  with  ♦  in  Maxwells.  N  is  the  number  of  turns 
of  wire  In  Uie  loop  or  the  numbar  of  conductors  in  series  cutting  the  pux 


Since  a  coixiuctor  carrying  a  current  is  surrounded  with  a  magnetic  field,  a  sim¬ 
ple  way  to  vary  the  inductive  field  would  be  to  vary  the  current  either  in  tlie  cir¬ 
cuit  (self  Inductance)  or  a  nearby  circuit  (mutual  Inductance),  An  interesting 
property  <"t  self  inductance  is  that  the  magnetic  field  will  always  be  such  that  it 
opposes  a  change  in  current.  So,  the  induced  emf  will  aid  the  current  if  it  is 
decreasl  'g  and  oppose  the  current  if  It  is  increasing.  If  it  is  assumed  that  the 
premeability  of  the  circuit  is  constant,  then  *(flux)  and  i  (current)  are  directly 
proportional  and  the  expression 

.  T  dl 

,  -Lgf 

la  aiwthor  way  of  expressing  the  fact  Uiat  the  Induced  end  la  proportional  to 
the  rate  of  change  of  flux.  L  is  tlio  circuit  Inductance  in  Henries,  i  is  in  volts, 
i  in  amperes,  and  t  in  seconds. 

Now  consider  a  circuit  that  Is  subjected  to  a  magnetic  field  whose  flux  density  is 


/•Nl 

‘T 


where,  D  -  density  in  gauss 


A 


n  -  permeability 

N  “  Number  of  turns  1  i  r  single  closed  circuit 
I  “  current  In  circuit 
/  -  distance  to  field  source 

The  Induced  voltage  In  a  circuit  of  area  A  and  frequency  «  -  2wF  wUl  be 
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B  =  FLUX  DENSITY 

NORMAL  TO  CIRCUIT 


FIGURE  2-2 
Induced  Voltage 
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Therefore,  it  can  be  seen  that  tliere  exists  three  basic  considerations  which  are 
fundamental  to  the  understanding  of  magnetically  Induced  voltages  in  any  circuit. 


a.  Rate  of  change  ol  the  field  (frequency);  the  higher  the  rate  of  change  the 
larger  tlie  Induced  voltage. 
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b.  Circuit  area,  or  circuit  inAictlve  reactance'.  Uie  largei;  the  circuit  area 
the  more  induced  voltage, 

c.  Distance  between  magnetic  field  source  and  circuit:  the  induced  voltage 
is  Inversely  related  to  the  flux  path  (distance). 

Magnetic  fields  <an  be  genereted  from  a  variety  of  sources.  The  following  Is  a 
partial  list  of  the  most  common  sources  which  are  frequently  found  in  a  data 
Instrumentation  test  area; 

a.  AC  motors  and  transformers 

b.  AC  power  lines 

c.  Induction  heaters  and  arcLig  contacts  in  AC  power  circuits 

d.  High  in-rush  circuits  (e. g.  j  relay  solenoids,  solenoid  valves,  etc,)  and 
DC  voltage  switches  (e.g. ,  logic  circuits,  DC  control  levels,  etc.) 

Strong  AC  magnetic  fields  can  be  generated  by  AC  motors  and  transformers, 
particularly  tliose  which  carry  large  amounts  of  current  in  the  order  of  10  AMPS 
and  more.  Instrumentation  cables,  cabinets,  transducers,  and  auxiliary  equipment 
must  be  kept  as  far  as  iwssible  from  AC  motors  and  high  current  AC  distribution 
transformers  which  are  not  electromagnetically  shielded  and  properly  grounded. 
When  an  Instrumentation  cable  passes  Uirougii  such  a  field  it  has  been  found  that 
up  to  170  UV  of  noise  can  be  induced  in  a  field  strength  of  20  gauss, 

AC  power  lines  are  especially  good  generators  of  magnetic  fields,  botli  low 
frequency  and  hi^  frequency  radiation  caused  by  corona  effects  in  high  voltage 
transmission  lines.  A  common  form  of  induced  noise  is  found  when  AC  power 
circuits  are  placed  in  close  ptoximlty  to  the  instrumentation  cabling  and  the 
effects  of  mutual  inductance  Induce  60  cycle  noise  voltages  as  larage  or  larger 
than  the  signal  on  tlie  Instrumentation  ibie. 

Induction  heaters  and  arcing  contacts  produce  electromagnetic  radiation  which  is 
high  frequency  (RF)  and  modulated  by  the  60  cycle  power  frequency  and  its  har¬ 
monics,  This  type  of  noise  is  then  induced  into  the  instrumentation  circuit  and 
demodulated,  tlius  producing  spurious  noise  having  tlie  essentials  of  the  60  cycle 
power  frequency.  This  type  of  modulated  RF  noise  can  be  coupled  Iqto  the 
instrumentation  lines  by  conductive,  capacitive,  and  inductive  paths. 

Solenoids  are  especially  common  in  an  instrumentation  test  area  where  fluid  valve 
relays  are  used  in  control  circuits.  These  cwitrol  circuits  are  usually  o,.erated 
with  DC  voltages  which  are  switched  from  one  level  to  another  to  activate  the 
solenoids.  This  sudden  change  in  level  produces  hlglt  frequency  transients  in  the 
coll  and  the  higlt  in-rush  of  current  in  the  control  lines  produces  a  very  rapid  ilux 
change  around  the  control  cable.  Other  examples  of  switched  DC  voltage  levels 
are  prevalent  in  digital  logic  systems.  In  tiiese  logic  circuits  the  magnetic 
induction  problem  is  compounded  by  rapid  level  transitions,  usually  several 
tiiousand  transitions  per  second. 


2.1.3  ELECTROSTATIC  RADIATION 

From  the  principles  of  electrostatics  it  is  given  that  an  object  charged  with  either 
a  negative  or  a  positive  charge  will  remain  static  until  another  object  carrying 
the  opposite  charge  is  brought  close  enough  to  cause  a  flow  of  electricity  between 
the  two  objects.  (See  Figure  2-3) 


FIGURE  2-3 
Electrostatic  Radiation 

The  direction  of  flow  will  bo  from  the  positively  charged  object  to  the  negatively 
charged  object. 

Quantitatively,  the  amount  of  electrostatic  noise  which  will  be  picked  up  in  a  cir¬ 
cuit  is 

EcH«-EC^Z 

where 

Eg  -  capacltlvely  coupled  voltage 
u  “  2»F 

E  »  source  voltage 

C^"  mutual  capacitance  between  circuits,  Inversely  proportional  to 
circuit  separation 

Z  -  circuit  Impedance 

j  -  VT  - 

Thus,  of  primary  Importance  in  instrumentation  is  the  distance  between  source 
and  effected  objects  because  the  flow  of  current  between  the  two  objects  is  in¬ 
versely  related  to  the  distance  between  them,  as  well  as  the  impedance  of  the 
circuit.  Electrostatic  Induction  Or  radiation  Is,  therefore,  caused  by  the  capac¬ 
itive  coupling  between  the  instrumentation  circuit  and  Us  wiring  and  the  entire 
surroundings  relative  to  the  circuit.  This  capacitive  coupling  Is  entirely 
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dependent  upon  the  physical  configuration,  circuit  iroptxiance,  dielectric  between 
objects,  and  spacing. 

.*.C,  60  cycle  power  frequency  electrostatic  radiation  and  induction  Is  probably 
the  most  common  source  of  noise  In  any  area  where  low  level  Instrumentation 
systems  are  being  used.  It  has  been  shown  in  laboratory  tests,  that  electrostat¬ 
ically  Induced  voltages  can  be  8  to  10  times  more  prominent  than  those  caused  by 
electromagnetic  fields  under  similar  condiiions. 

It  the  voltage  levels  in  each  of  two  coI^ductors  placed  In  close  proximity  to  each 
other  are  different,'  the  potential  difference  between  the  conductors,  is  then  seen 
across  the  coupling  capacitance  separating  ihe  condUctoroi  Thus,  if  one  conduc¬ 
tor  Is  carrying  a  high  level  AC  signal,  as  for  example  CO  cycles,-  this  signal  can 
be  capac.iiively  coupled  Into  the  low  level  circuit  and  modulate  the  signal  on  that 
conductor  at  60  cycles.  Therefore,  a  practical  case  exists  In  an  instrumentation 
system  where  low  level  susceptible  data  transmission  cables  are  routed  in  the 
vicinity  of  and  parallel  to  the  power  conductor  of  a  single-phase  or  three-phase 
jiower  disiributi OP  circuit, 

"Qualitailvely,  the  capacitive  coupling,  and  therefore,  the  noise  increases  as  the 
conductors  are  moved  closer  together  and,  for  a  given  configuration  and  spacing 
of  conductors,  noise  in  the  susceptible  conductors  -increases  witJj  increasing  volt*' 
age  on  the  high  level  power  conductors. 

Other  sources  of  data  acquisition  system  noise  due  to  electrostatic  radiation  are 
electric  arcs  and  corona.  The  energy  radiated  by  both  sources  is  In  the  higher 
frequencies  constituting  radio  frequency  rather  than  power  frequency  interference. 

2.1.4  GROUND  CURRENTS 

Generally  speaking,  ground  currents  can  be  defined  as  any  current  flow  in  the  neu¬ 
tral  or  common  Conductor  of  any  circuit,  whether  it  is  directly  connected  to  earth 
or  lUDt.  K  such  a  current  does  exist  it  Is  very  likely  to  flow  back  into  the  circuit 
which  Is  commonly  called  a  groundloop.  The  groundloop  current  can  flow  back 
into  the  circuit  by  any  one  or  ail  of  the  following  methodsj  viz. ,  resistive  cou¬ 
pling,  capacitive  coupling,  and  electromagnetic  induction. 

In  addiiion  to  ground  cur-eents  associated  with  an  individual  circuit,  Uiere  also 
may  exist  considerable  earih  ground  currents  which  flow  below  the  earlh's  surface. 
Earih  current  is  often  detrimental  to  Instrumentation  systems  because  of  the  po¬ 
tentials  th.at  exist  at  dUfereni  points  in  the  earth.  Potential  differences  between 
two  earth  grouiKl  rods  have  been  theoretically  calculated  at  well  above  10  V  p-aak- 
lo-peak. 

To  date,  a  satir-faciory  method  of  measurement  tes  not  been  developed  which  can 
be  used  quaniitatiyely  to  determine  the  magnitude  In  ampere's  of  earth  current,  . 
Several  devices  and  methods  are  available  which  can  be  used  to  measure  the  re¬ 
sistance  t~  earth  of  a  ground  electrode  with  an  error  of  approxlraalely  i0%. 
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However,  to  measure  the  amount  of  stray  earth  current  from  one  point  to  another 
Is  a  very  complex  matter  Involving  soil  resistivity,  soil  moisture,  weather  con¬ 
ditions,  and  depth  of  electrodes.  Because  of  these  factors,  readings  are  taken, 
over  a  long  period  of  time  to  obtain  average  values.  Ground  currents  can  be 
categorized  Into  two  general  areas; 

a.  Groundloop  current  associated  with  an  Individual  circuit  or  several  circuits. 

b.  Earth  ground  currents  which  flow  below  the  surface  of  the  earth. 

Groundloop  currents  are  usually  the  result  of  a  circuit  wliose  ground  points  are 
located  Indiscriminately  throughout  a  chassis  or  system.  The  effects  of  these 
groundloop  currents  are  generally  familiar  to  Instrumentation  users,  Further 
discussion  of  this  subject  will,  therefore,  be  avoided  except  where  specifically 
applicable  to  instrumentation  systems  error  or  noise.  More"  detailed  data  on 
ground  loops  is  Included  In  the  Bibliography. 

Earth  ground  currents  can  be  caused  to  flow  into  an  instrumentation  system  where 
the  transducers  are  located  at  remote  distances  from  the  acquisition  system.  The 
effects  of  these  earth  currents  in  an  instrumentation  system  will  be  discussed  in 
the  next  section  under  common-mode  voltages.  In  tills  section,  many  sources  of 
earth  currents  and  how  they  are  distributed  in  the  earth  will  be  discussed. 

2. 1 . 4. 1  Sources  of  Earth  Ground  Currents 

The  main  sources  of  earth  currents  are  galvanic  action,  cathodic  protection  sys¬ 
tems,  traction  systems  and  electrical  power  distribution  systems. 

2. 1.4.1. 1  Galvanic  Action  ,  . 

A  current  will  flow  In  earth  between  dissimilar  metals  which  are  connected  elec¬ 
trically.  The  action  is  tlat  which  fakes  place  In  a  battery  with  the  dissimilar 
metals  acting  as  electrodes,  the  earth  as  electrolyte  and  the  electrical  connection 

(usually  metallic)  as  the  external,  or  load  circuit.  The  magnitude  of  current  flow 
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depends  upon  many  factors  Including: 

a.  The  positions  of  the  two  metals  in  the  galvanic  series. 

b.  The  total  area  of  dissimilar  metals  exposed  to  the  sell. 

C.  The  ratio  of  the  exiwsed  area  of  one  of  the  metals  to  the  exposed  area  of 
the  other, 

d.  The  chemical  constitution  and  moisture  content  of  the  soil. 

e.  The  circuit  resistance. 

f.  Polarization  as  a  result  of  current  flow. 

The  current  flow  produced  by  galvanic  action  Is  DC,  and  while  H  is  a  very  impor¬ 
tant  agent  in  corrosion.  Its  coniilbution  to  noise  is  minor. 


2. 1.4. 1.2  Cathodic  Protection 

A  cathodic  protection  system  is  sometimes  Installed  at  a  facility  to  prevent  gal¬ 
vanic  corrosion  and  usually  consists  of  burying  a  metal  which  is  electrically 
anodic  to  the  metal  being  protected  and  connecting  the  two  to  form  a  galvanic  cell 
as  previously  described.  Under  some  conditions,  an  external  source,  such  as 
a  transformer-rectifier  unit  or  motor-generator  set  is  connected  between  the  two 
metals  to  assure  a  controlled  flov/  of  current  from  the  anodic  metal  to  the  cathodic 
metal.  In  eitlier  case,  the  anodic  metal  is  gradually  sacrificed  to  protect  the 
cathodic  metai.  The  current  produced  is  DC  and  Its  magnitude  depends  upon  the 
same  factors  which  affect  galvanic  action  plus  the  difference  of  potential  of  the 
external  source,  if  applied. 

2. 1.4. 1.3  Traction  Systems 

Electric  trains  and  streetcars  are  generally  supplied  by  means  of  an  overhead,  ' 
trolley  wire  of  a  "third"  laQ  with  the  track  serving  as  a  current  return. .  No  effort 
is  made  to  insulate  the  track  from  earth  and  the  return  current  flow  divides  be¬ 
tween  earth  and  the  rails  tn  inverse  proportion  to  their  respective  impedance. 

The  current  may  be  AC  or  DC  depending  upon  the  system  and  Its  magnitude  de¬ 
pends  upon  several  variables  including; 

.  a.  Eartli  resistivity. 

b.  Contact  resistance  between  track  and  earth. 

c.  The  number,  rating  and  instantaneous  tractive  effort  of  all  motive  unite 
along  the  line. 

2.1. 4. 1.4  Electrical  Power  Distribution  Systems 

A  major  source  of  earth  currents  Is  power  distribution  systems.  The  nature  and 
extent  of  earth  currents  associated  with  a  particular  power  transmission  or  dis¬ 
tribution  circuit  depends  largely  upon  the  types  of  system,  that  is,  whether  the 
system  Is  grounded  or  ungrounded;  single-phase,  three-pliase  (three  wire  or 
three-phase); four  wire;  whether  the  load  is  balanced  or  unbalanced;  transformer 
connections;  and  the  presence  and  magnitude  of  tripled  harmonics  (third  harmonic 
and  odd  multiples). 

The  largest  eartii  currents  will  flow  during  a  power  system  fault.  However,  the 
faults  do  not  occur  frequently  and,  on  most  systems,  protective  devices  are  de¬ 
signed  to  clear  the  fault  within  a  few  cycles  (af  60  cycles  per  second)  to  limit 
damage  to  the  system.  Due  to  their  Infrequent  and  transitory  nature,  fault  cur¬ 
rents  will  not  be  considered  further  as  a  source  of  data  acquisition  system  noise. 

Power  system  earth  curr  jnis  under  normal  conditions  are  considerably  smaller 
than  fault  currents.  Their  magtiltude  may  vary  from  hour  to  hour  but  their  flow 
is  continuous  over  relatively  long  periods  of  time,  • 
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Because  of  some  basic  differences  In  design  and  operating  practices  between 
utility  power  transmission  and  distribution  systems  and  test  facility  power  dis- 
•  trlbutlon  systems,  the  two  will  be  treated  separately. 

a.  Test  Facility  Power  Distribution  -  Power  to  test  facility  loads  Is  typically 
distributed  at  two  or  three  voltage  levels:"^ 

1.  208/1.20y  V,  three-phase,  four  wire  Of  120/240  V  single-phase,  three 
wire  to  small  equipm.nt  loads,  convenience  receptacles  and  some  or  all 
of  the  lighting.  The  wiring  method  used  Is  usually  Insulated  conductors 
in  conduit. 

2.  277/480Y  V,  three-phase  four  wire  or  480  V,  three-phase  three  wire  to 
larger  loads  such  as  thi-ee-phase  motors,  heaters  and.  In  some  cases, 
fluorescent  and  mercury  vapor  lighting.  Insulated  conductors  In  conduit 
or  armored  cable  is  generally  used  to  distribute  power  at  this  level. 

3.  4, 160  V  or  13,800  V,  three-phase  where  loads  and/or  distances  between 
loads  warrant  a  higher  distribution  voltage.  At  this  voltage  level,  power 
may  be  distributed  either  by  means  of  Insulated  conductors  In  conduit, 
armored  cable,  or  by  open  conductors  On  poles. 

The  neutral  or  common  conductor  of  the  120/208Y  or  120/240  V  system 
respectively  must  be  grounded  In  order  for  the  system  to  comply  v/ltli 
the  National  Electrical  Code.®  The  neutral  of  the  277/480Y  systems  may 
be  grounded  and  usually  are  In  modern  deslgn  practice.  The  neutral  of 
4,160  and  13,800  V  systems  may  b,-  grounded,  and  modern  fault- 
protective  relay  schemes  favor  grounding.  The  National  Electrical  Code 
directs  that  each  system  at  a  given  voltage  level,  w-Meh  is  to  be  grounded, 
sliall  be  connected  to  earth  at  one  point  near  the  source  (usually,  a 
transformer).  .Mso,  the  National  Electrical  Code  states  that  no  connec¬ 
tion  between  neutral  conductors  and  ground  are  permitted  on  the  load 
side  of  the  main  service  disconnect.  All.  neutral  conductors  are  insulated 
from  ground  and,  under  normal  operating  conditions,  no  current  will 
flow  except  under  fault  conditions. 

b.  Utility  Power  Transmission  and  Distribution  -  Utility  power  lines  can  be 
subdivided  into  two  classifications  according  to  application:  transmission 
lines  which  transmit  bulk  power  from  a  major  power  source  Ip  a  major 
distribution  center  or  wldch  serve  as  an  intertle  between  major  distribution 
ceirters,  and  primary  distribution  lines  which  distribute  power  to  individual 
users;  "In  both  classes,  power  Is  usually  distributed  by  means  of  open  con- 
•ductors  on  poles  or  towers  although  some  recent  installations  in  residential 
areas  have  featured  insulated  multi-conductor  cables  buried  In  the  earth. 

The  reasons  for  grounding  Uie  neutral  on  either  cl.^sslflcatlon  of  power  line 
are  the  same,  namely,  to  aid  in  pi^otectlve  relaying,  prevent  ti-ansient 
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over  voltages  due  to  arcing  grounds,  and  to  permit  the  use  of  lower  Insula¬ 
tion  levels.®  However,  the  practices  followed  with  regard  to  grounding  and 
consequent  flow  of  earth  currents  differ  somewhat  between  the  two  classifi¬ 
cations. 

1.  Transmission  lines  are  generally  characterized  by  high  voltage'{34  KV 
and  above)  and  balanced  load,.  The  system  is  almost  always  grounded 
at  this  voltage  level  for  the  reasons  previously  outlined.  The  system 
neutral  is  normally  connected  to  earth  at  the  transformers  feeding  the 
transmission  line.  The  path  for  earth  current  on  this  type  of  line  is 
from  llne-to-earth  through  the  llne-tp-ground  capacitance  and  back  through 
eartii  to  the  neutral.  The  magnitude  cf  earth  current  depends  upon  the 
llne-to-ground  capacitance,  the  degree  of  unbalance  of  the  load  and  be¬ 
tween  the  lines  themselves,  and  the  amount  of  trlplen  harmonics  present. 
Typical  values  for  220  KV  transmission  lines,  measured  at  the  trans¬ 
former  neutral,  range  from  2  to  6  AMPS. 

There  are  no  high  voltage  DC  transmission  lines  In  commercial  use  In 
the  United  States  at  the  present  time.  Some  have  been  proposed  as  Inter- 
tles  between  largo  power  systems  and  short  test  lines  are  under  construc¬ 
tion.  The  absence  of  Inductive  effects  on  DC  transmission  lines  makes 
feasible  the  use  of  earth  as  a  current  return  part  and  at  least  two  trans¬ 
mission  lines  In  Europe  operate  In  this  fashion.  Lack  of  operational 
data  prevents  an  assessment  of  possible  interference  problems  with 
Instrumentation  systems.  Theoretlcaliy,  the  DC  earth  current  would 
approach  high  density  in  the  surface  layer  only  In  the  Immediate  vicinity 
of  the  transmission  system  ground  electrodes.  The  bulk  of  the  current 
would  go  deep  info  the  earth  and  be  carried  by  the  low-reslstlvlty  hot- 
core  material  rather  than  the  high-reslstlvUy  upper  layers.  Tests  and 
operating  experience  on  a  high  voltage  DC  transrals'^ton  line  in  Gotland, 
Sweden  seem  to  bear  this  out. 

2.  Primary  Distribution  Lines  range  generally  in  vo!i  e>  from  2,4  to  25  KV. 
■  Single-phase  may  be  taken  from  the  line  at  random  .  .nts  resulting  In 

varying  degrees  of  unbaUiice  along  the  line.  The  majority  of  the  primary 
distribution  lines  In  this  country  are  three-phase,  4  wire  with  single- 

9 

phase  loads  being  connected  between  a  phase  conductor  and  the  neutral. 
However,  there  Is  an  appreciable  use  of  three-phase,  three  wire  lines, 
ungrounded,  with  single-phase  loads  connected  between  two  of  tlie  phase 
conductors.  In  the  latter  configuration,  earth  currents  will  flow  only 
.  under  fault  condlttons.  Where  the  system  Is  three-phases,  four  wire. 

•  grounded,  utility  practice  is  to  ground  the  neutral  conductor  at  numerous 
points  along  the  line.  The  National  Electrical  Safety  Code  stipulates  that 
the  neutral  conductor  be  connected  to  earth  at  least  four  times  for  .each 
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’  ■  '  mile  ot  line.  At  each  point  where  the  neutral  conductor  is  grounded, 

:  i  the  current  in  the  neutral  will  divide  between  the  conductor  and  earth  in 

inverse  proportion  to  the/ r  respective  Impedances.  The  magnitude  of 
'  earth  current  at  any  point  along  the  line  will  depend  upon  the  degree  of 
load  unbalance  at  that  point,  amount  of  triplen  harmonics  and  the  imped¬ 
ance  of  earth. 

2. 1.4. 2  Distribution  of  Earth  Ground  Currents 

The  distribution  of  current  flow  in  the  earth  depends  upwn  many  variables.  The 
prediction  or  calculation  of  earth  cu/  rent  magnitude  aiKi  distribution  at  any  par¬ 
ticular  time  and  place  Is  very  difficult  If  not  impossible.  Mathematical  expres- 

;  ■  sions  have  been  developed  for  both  DC  and  AC  currents,  assuming  such  idealized 
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conditions  as  perfectly  homogeneous  earth  of  constant  resistivity.  Although  such 

conditions  are  rarely  approached  in  practice,  some  general  observations,  can  be 

I  ,  made. 

i  <  : 

•  •  In  the  case  of  DC,  the  distribution  of  current  flow  In  earth  will  deperid  upon  only 
the  resistivity  of  the  earth.  Assuming  homogeneous  earth  over  a  large  area  and 
I  ■  depth  surrounding  two  electrodes  and  a  distance  between  the  electrodes,  if  DC  cur- 

1  ;  rent  enters  the  earth  at  one  electrode  and  leaves  at  the  other,  the  current  will 

spread  out  to  a  great  distance  and  depth,  seeking  a  path  of  irtinimum  resist  *nce 
r  ]  between  the  two  points. 

L  ]  The  distribution  of  AC  current  in  earth  Is  strongly  affected  by  induction  caused  by 
the  changing  magnetic  field,  these  inductive  effects  predominate  over  earth  re- 
r  T  sistivity.  The  earth  currents  will  distribute  themselves  so  as  to  minimize  the  en- 
1  i  '  ergy  in  the  associated  magnetic  field,  in  the  case  of  earth  return  current  beneath 
an  AC  power  transmission  or  distribution  line,  the  current  will  flow  In  a  bread 
zone  on  both  sides  of  the  line,  closely  following  the  routine  oi  the  line  and  will  be 
j  restricted  in  both  depth  and  lateral  dimensions.  The  relation  between  current 

i  ;  density  and  lateral  distance  irom  an  overhead  AC  line,  assuming  homogeneous 

earth,  is  a  complex  Bessel  function.  ‘The  current  Is  a  maximum  directly  beneath 
the  line  and  fails  gradually  to  zero  at  the  extremities  of  the  zone  In  general,  the 
I  width  of  the  zone  through  which  significant  earth, current  flows  rn  each  side  of  an 

AC  transmission  or  distribution  line  varies  directly  with  soil  resistivity  and  in- 
r-:  versely  With  frequency,  ' 

i  The  principle  variable  which  makes  th.e  actual  distribution  of  earth  currents  so 
difficult  to  predict  is  soil  resistivity.  The  soil  is  rarely  homogeneous  at  a  l»r- 
,,  ,  ticuiar  location.  Even  where  tlie  surface  soil  Is  unilomi  over- a  large  area,  the, 

I  ;  subsoil  is  usually  made  up  of  stratifledi  layers  of  different  soil  types  with  varying 


moisture  conteM.  The  resistivity  of  a  given  soli  can  vary  by  a  factor  of  100  to  1 
for  different  values  of  moisture  content  and  temperature.  Thus,  the  resistivity 
changes  from  day  to  day  and  season  to  season. 

Another  Item  which  can  radically  alter  the  distribution  of  earth  currents  in  an  area 
is  buried  conductive  material  (such  as  pipe  or  uninsulated  cable  armor),  A  long 
burled  conductor  can  literally  collect  earth  current  over  a  wide  area  and  carry  it 
to  distant  points. 

2. 1.4.3  Measurement 

Because  of  the  large  areas  and  depths  involved  and  the  heierogenety  of  the  con¬ 
ducting  medium,  no  satisfactory  methods  have  been  developed  for  the  direct  meas¬ 
urement  of  stray  earth  currents  or  current  density  at  a  particular  point.  The 
ground  currents  contributed  by  a  specific  source  can  be  measured  at  the  point 
where  tho.current  enters  or  leaves  the  earth  (at  the  transformer  neutral  or  gen¬ 
erator  neutral,  for  e.'r.unple).  The  difference  of  potential  between  two  points  on 
the  earth's  surface,  down  to  a  specified  depth,  can  be  measured,  giving  an  indi¬ 
rect  Indication  of  the  magnitude  of  earth  currents  in  the  area. 

2.1.5  COMMON-MODE  VOLTAGE 

Li  da'a  acquisition  and  Instrumentation  systems  where  accurate  low  level  data  is 
being  obUined  and  processed,  tlie  basic  limitation  regarding  the  accuracy  of  the 
data  being  acquired  is  the  amount  of  noise  present  in  the  data*  In  addition  to  the 
desired  signal  there  alw.ays  exists  a  certain  amount  of  noise  or  extraneous  Inlor- 
matlon  which  is  totally  unrelated  fo  the  desired  signal  and  thus  undesired  because 
of  its  efiects  in  masking  the  measurement  signal.  Of  the  many  forms  in  which 
noise  can  be  found  one  is  of  niajor  importance  in  data  acquisition  and  instrumen¬ 
tation  systems.  This  noise  is  a  result  of  earth  currents  and/or  other  potential 
differences  which  are  called  common-mode  voltages. 

Common-mode  voltages  are  those  voltages  which  appear  on  each  side  of  a  signal 
line  to  a  common  reference  point,  normally  the  systems  ground  or  common  point. 
Common-mode  voltage  c.-ui  be  caused  by  magnetic  Induction,  capacitive  coupling, 
and  resistive  coupling.  The  most  troublesome  form  of  common-mode  voltage  Is 
caused  by  resistive  coupling  between  two  separate  ground  points.  Because  of 
stray  earth  potentials,  a  voltage  difference  is  then  established  between  the  two 
earth  or  ground  points.  These  earth  potentials  are  primarily  of  60  cycle  power 
frequency.  The  potential  differences  between  these  ground  points  may  be  referred 
to  as  the  "Common-Mode  Generator.  " 

As  shown  in  Figure  2-4,  a  iow  impedance  ground  looji  exists  around  the  loop  bdefb. . 
Another  loop  exists  around  .icdefba.-  In  Oils  second  loop,  a  certain  amount  of  the 
total  loop  current  will  devcioj)  an  IR  drop  across  the  transducer  impedance  and 
will  appear  as  a  sign.al  voltage  at  the  retordlng  device.  This  apparent  signal  Is 

2-14 


RECORDING 

INSTRUMENT 


FIGURE  2-4 

Common-Mode  Generator 

the  common-mode  to  normal-mode  conversion  signal.  It  is  this  fact  which  causes 
the  most  concern  regarding  the  accuracy  of  the  data  being  obtained.  Therefore, 
the  less  common- mode  to  normal-mode  com  erslon  in  the  low  level  transducer 
and  Instrumentation  cabling  the  greater  will  be  the  overall  data  accuracy.  For 
more  detailed  inforn«tlon  concerning  system  accuracies  refer  to  tlie  Appendix. 

Common-mode  voltage  can  be  divided  into  three  general  categories;  a)  Earth 
common-mode  voltages,  b)  Transducer  common-mode  voltages,  and  c)  Sj'stem 
common-mode  voltages. 

2.1. 5.1  Earth  Common-Mode  Voltages  . 

The  system  shown  In -Figure  2-5  is  a  single  ended  amplifier  and  recoider  type. 
The  system  is  connected  to  two  different  ground  potentials,  one  at  the  transducer 
location  and  one  at  the  recorder,  A  ground  loop’  consisting  of  one  side  of  the  sig¬ 
nal  path  through  the  system  and  the  ground  itself  Is  formed.  The  difference  in  po¬ 
tential  between  the  two  ground  points,  represented  in  Figure  2-5  by  the  common¬ 
mode  voltage  generator,  causes  the  flow  of  ground  loop  current. 
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Tl>o  flow  of  current  through  the  transmission  line  resistance  ,  and  the  common- 

nxi.te  voltage  generator  internal  impedance  R 

S 


creates  a  potential  difference  across  Rj^  equal  to 
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This  volUtSe  appears  across  the  input  terminals  of  the  ampiitierand  constitutes  a 
faise  or  erroneous  signal  to  the  amplifier  and  recorder.  When  working  with  iow- 
ievel  sigtvals  representing  the  physical  measurements,  these  false  signals  can  com¬ 
pletely  nwsk  the  true  information  which  kj  to  be  recorded.  A  greater  error  results 
when  the  ground  loop  current  is  caused  to  flow  through  a  transducer  source  imped¬ 
ance  which  is  usualiy  higher  than  the  transmission  line  resistance. 

The  grouiKied  transducer  is  also  a  typical  situation,  since  it  is  often  not  feasible 
or  not  economical  to  isolate  transducers  from  ground.  A  thermocouple,  for  eX- 
arnple,  is  generally  bonded  to  the  test  specimen,  forming  an  almost  perfect  con¬ 
nection  to  ground.  Imperfect  insulation  and  coupling  through  stray  capacitance 
are  oihcr  sources  of  possible  connections  to  gi-ound. 

2. 1 , 5.  k  Transducer  Common-Mode  Voltage 

The  second  type  of  common-mode  voltage,  transducer  common-mode  voltage, 
frequently  occurs  as  a  result  of  the  configuration  and  type  of  measuring  circuit 
being  used.  Figure  2-6  illustrates  a  typical  resistance  bridge  transducer  circuit. 
Since  one  side  of  the  excitation  power  supply  is  grounded,  each  of  the  signal  leads 
going  io  the  data  amplifier  is  placed  at  a  potential  of  E,p/2  above  ground.  The 
conimou-modc  voltage  appearing  at  the  input  of  tlic  date  amplifier  is  then 
This  v.x'uid,  in  most  cases,  be  a  DC  common-mode  voltage.  Another  source  of 
transducer  common-mode  voltage  will  occur  between  bonded  thermocouples  be¬ 
cause  of  fenqmrat'ire  gradients  along  the  le.st  specimen. 

There  are  other  possible  transducer  circuit  configurations  and  measurements 
which  could  result  in  a  common-mode  voltage  being  presented  to  the  input  of  a 
data  amplifier.  Each  transducer  circuit  configuration  used  in  an  fnstrumentatlon 
system  should  be  examined  carefully  to  determine  the  type  and  level  of  common¬ 
mode  voltegc  that  will  result. 

2. 1,5,3  System  Common-Mode  Voltages 

The  system  common-mode  voltage  Is  a  result  of  magnetically  induced  voltages  in 
the  transmission  lines  from  the  test  area  to  the  instrumentation  area.  Illustrated 
in  Figure  2-7  is  a  data  system  with  long  cable  runs  from  the  test  area.  Magneti¬ 
cally  induced  voltages  in  the  cables  will  occur  because  of  loop  areas  between  the 
cables,  as  explained  in  the  above  section  on  magnetic  i-adiatiOn,  In  a  system 
where  several  channels  are  run  through  conduit  to  the  instrumentation  area  any 
separation  of  instrumentation  channels  originating  from  a  common  area  and  termi¬ 
nating  in  an  area  of  close  proximity  will  render  the  cables  susceptable  to  magnetic 
fields.  Figure  2-7  UlustrateE  a  floating  data  system  utilizing  the  ground  bus  tech¬ 
nique  of  grounding  (discussed  In  detail  later)  which  has  the  ground  bus  separated 
from  the  instrumentation  cables  by  a  distance  D.  The  amount  of  induced  voltage  is 


FIGJRE  2-6 

Typical  DC  Common-Mode  Voltage  Source 


FIGURE  2-7 

-  System  With  Magnetically  Induced  Common-Mode  Voltages 
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proportional  to  the  flux  density,  rate  of  change  of  flux,  and  circuit  area.  There¬ 
fore,  the  larger  the  area  the  more  susceptable  the  instrumentation  cables  will  be 
to  magnetically  indu-jeti  common -mode  signals. 

2. 1. 6  OTHER  NOIS2  SOURCES 

In  the  preceding  paragraphs,  Uie  following  noise  sources  have  been  discussed:. 

(a)  power  and  transmission  systems,  (b)  electromagnetic  radiation,  (c)  elec¬ 
trostatic  radiation,  (d)  ground  currents,  and  (e)  common-mode  voltages.  In 
this  section  noise  sources  will  be  discussed  which  are  irhportant  and  often  a  very, 
real  problem  in  a  rocket  test  facility  utilizing  low  level  DC  data  acquisition  sys¬ 
tems.  Each  of  these  sources  of  no'lse  deserves  special  attention.  Tlie  effects 
they  have  on  acquisition  accuracies  cannot  be  over  emphasized.  These  noise 
sources  can  be  categorized  as: 

a.  Thermoelectric  emf's 

b.  Electrochemical  emf's 

c.  Acoustical 

d.  Cable  noise 

e.  Component  noise 
I .  Sub-system  noise 

2. 1.6. 1  Thermoelectric  emf's 

Instrutnentatioh  systems  iroquently  utilize  a  thermocouple  tliat  is  welded  to  the 
test  specimen  which  Is  dissimilar  to  the  thermocouple  metals  themselves.  At 
this  junction  a  Uhermoelectric  petential  arises  (see  Figure  2-8). 


FIGURE  2-8 
Bonded  'Thermocouples 


This  voltage  is  a  DC  conjmon-modc  voltage  and  will  be  different  at  each  thermo¬ 
couple  if  a  temperature  gradient  exists  along  the  test  specimen  and  it  will  change 
with  temperature.  This  same,  effect  is  possible  with  signal  or  ground  wire  connec¬ 
tions  which  are  made  of  dissimilar  metals.  As  long  as  perfect  symmetry  exists 
on  both  sides  of  tlie  couple  and  for  the  Vength  of  the  thermocouple  lines,  any  tem¬ 
perature  gradients  along  the  length  of  the  thermocouple  leads  cause  no  problems, 
since  junction  emf's  will  cancel. 

If  there  Is  a  temperature  difference  between  point  1  and  2  (see  Figure  2-9),  this 
causes  common-mode  to  normal-mode  conversion  error,  For  example,  at  the 
copper-constantan  junction  a  1°C  difference  between  points  1  and  i  will  produce 

t  A 

40  MV  of  DC  signal.  Therefore  it  can  be  seen  that  in  a  rocket  test  start  where 
there  are  rapid  changes  in  temperature,  large  temperature  gradients  are  not 


uncommon. 


FIGURE  2-9 


Two  Thermocouples  with  a  Temperature 
Gradient  between  Points  1  and  2 

2. 1.6.  2  Electrochemical  emf's 

Chemicals  have  been  known  to  cause  noise  in  instrumentation  systems  under  cer¬ 
tain  conditions.  Chemicals  can  form  noise  voltages  through  the  voltlc  action  of 
electrolyte  type  chemicals.  Nitric  acid  spilled  on  the  floor  of  a  rocket  engine  test 
stand  has  been  known  to  generate  a  significant  emf  in  the  earth  ground  path. 

2. 1.6. 3  Acoustical 

Acoustical  environments  greater  than  120db  are,  in  certain  cases,  another  source 
of  instrumentation  noise  and  can  introduce  error  Into  tlie  data  measurement.  Gage- 
type  pressure  transducers  whose  transduction  element  depends  on  convection  cool¬ 
ing  should  be  avoided  in  a  high  acoustic  environment.  Zero  balance  can  be  altered 
significantly  by  thermodynamic  changes  caused  by  the  a'coustic  background. 
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2.1. 6i  4  Cable  Noise 

Cable  noise  can  be  observed  in  especially  high  impedance  Instinimentation  circuits 
when  the  cable  is  subjected  to  mechanical  distortions  such  as  bending,  tapping, 
and  squeezing.  Figure  2-10  , shows  an  oscillogram  taken  of  a  length  of  foil  shielded 
cable  in  a  very  high  impedance  circuit  which  was  taped  twice  in  opposite  directioiis. 
It  is  clear  then  that  there  exists  charges  between  the  cable  Insulation  and  the  con¬ 
ductors  and  between  the  insulation  and  the  shield. 
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500  ms/cm 


FIGURE  2-10 

Cable  Noise  in  High  Impedance  Circuit 

This  type  of  noise  is  called  Trlboelectrlc  Cable  Noise,  It  is  a  result  of  the  sepa¬ 
ration  of  trlboelectrlc  charges  when  the  dielectric  momentarily  looses  ijitimate 

contact  with  either  the  center  conductor  or  the  shield  because  of  mechanical  dis- 
14 

tortlon  (see  Figure  2-llj, 
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2. 1 . 6, 5  Component  Noise- 

Composition  resistors,  semiconductors,  and  electrolytic  capacitors  are  examples 
of  components  which  are  sources  of  noise  if  their  characteristics  arc  not  adequately 
considered  and  the  components  carefully  uc  'i.  Electrolytic  capacitors,  for  exam¬ 
ple,  have  been  known  to  produce  an  electrochemical  DC  offset  voltage  in  a  low- 
pass  filter  at  the  input  to  a  high  gain  servo  amplifier. 

Resistor  noise  is  common  and  is  generally  the  result  of -thermally  agitated  elec¬ 
trons  within  the  resistance  itself.  The  thermal  noise  level  generated  by  a  resist-  . 
ance  is  called  "Johnson  Noise"  and  expressed  as  follows: 

Vn  =  V^kTBRg 

=  2^1.38X10'^^TRgB 
Where:  B  =  Bandwidth 

T  =  Temperature  In  degrees  Kelvin 
Rg  »  Resistance  of  component 

k  =  Eoltzman's  Contant  =  1,  38X10*^^  Meter-Kilogram-Second 

At  any  given  temperature,  any  resistance  or  resistive  component  generates  ran¬ 
dom  wideband  noise  due  to  thermal  agitation  of  electrons.  The  noise  power  gen¬ 
erated  is  proportional  to  the  resistance,  ternperature,  and  bandwidth  of  the  circuit. 

Semiconductor  noise  is  wideband  and- caused  by  electrons  crossing  any  semicon¬ 
ductor  "barrier".  This  noise  is  proportional  to  current  and  to  the  circuit  band¬ 
width.  Therefore,  in  low  bandwidth  low  current  instrumentation  systems  U)is  form 
of  noise  may  be  of  significant  magnitude 

r 

Solder  connections  can  also  generate  thermal  emf'a.  Regular  tin-lead  solder  lias 
a  high  thermal  emf  relationship  to  copper.  A  low  tliermal  solder  70%  cadmium  and 
30%  tin  is  available  fOr  low  level  circuits  which  can  give  better  than  a  100  to  1 
thermal  emf  reduction. 

Contact  noise  can  be  a  very  serious  problem- in  spade  environmental  test  cliambere, 
and  rocket  test  areas  where  metal  corrosioh  is  caused  by  toxic  fuels  being  dis¬ 
charged  from  the  test  specimen.  Contacts  such  as  terminal  strip  connectors,  re-  ■ 
lay  and  switch  contacts  can  exhibit  noise  where  there  are  fluctuations  of  conduct¬ 
ivity  at  an  imperfect  junction  between  the  two  conductors.  Two  important  factors 
influence  the  amount  of  noise  generated  by  Imperfect  contacts;  (1)  the  noise  is  di¬ 
rectly  proportional  to  the  DC  current  through  the  contact;  and  (2)  the  power  density 
plotted  on  a  frequency  scale  varies  inversely  with  frequency  so  that  in  a  given  DC. 
current  the  noise  power  increases  with  decreasing  frequency. 
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2. 1.6- 6  Subsystem  Noise 

Instrumentation  amplifiers  have  inherent  noise  within  the  circuits  of  the  ampli¬ 
fier.  This  noise  as  almost  always  given  in  the  amplifier  performance  specifi¬ 
cation  refers  to  full  scale  input  signal,  bandwidth,  gain,  and  source  Impedance. 
Modern  instrumentation  amplifiers  have  low  noise  levels  which  approach  the 
theoretical  limits  of  the  "Johnson  Noise"  dercribed  above. 

Power  supplies  with  poor  r  jgulation  produce  ripple  voltages  which  can  be  car¬ 
ried  directly  to  the  input  to  the  instrumentation  system.  Regulation  elements  in 
power  supplies  such  as  silicon-controlled-rectiliers  are  a  particular  problem 
when  used  in  some  digital  systems.  The  switching  transients  of  the  rectifier  may 
be  present  on  the  AC  power  line  and  carried  to  susceptable  circuits  whose  power 
is  supplied  by  this  same  AC  line.  If  the  power  supply  cannot  regulate  such  fast 
transients,  then  they  appear  as  spikes  on  the  DC  voltage  output  causing  random 
triggering  of  logic  circuits. 

2.1.7  TRANSMISSION  LINES 

Data  transmission  lines  operating  at  low  voltage  levels  and  more  importantly  at 
low  frequencies,  haVe  electrical  characteristics  that  require  a  differential  analy¬ 
sis  than  those  of  high  frequency  transmission  cables.  At  low  frequency,  cable 
capacitance  and  line  resistance  are  of  primary  interest  concerning  the  noise  con¬ 
tribution  and  noise  susceptibility  of  low  frequency  data  transmission  cables. 

High  frequency  signals  such  as  the  output  of  piezoelectric  type  accelerometer  or 
vibration  pick-ups  are  usually  the  higiiest  frequencies  used  in  analog  instrumen¬ 
tation  systems.  The  range  of  such  transducers  is  commonly  4000  to  6000  CPS. 

In  instrumentation  systems  the  lengtli  of  a  transmission  cable  wUl  rarely  be  more 
than  a  small  fraction  of  the  wavelength  of  the  highest  data  frequency;  therefore 
transmission  line  theory  related  to  wavelengths  of  frequency  are  not  generally 
applicable.  • 

At  frequencies  below  lOCO  CPS  the  shunt  resistance  and  series  inductance  of  a 
cable  is  quite  small  when  compared  with  the  series  resistance  and  shunt  capa¬ 
citance  of  a  cable  at  higher  frequencies.  Thus,  at  low  frequencies  shunt  resist¬ 
ance  and  series  inductance  may  be  neglected.  The  transmission  line  then  appears 
basically  as  a  shunt  capacitance  when  (^en  circuited,  and  the  termination  imped¬ 
ance  is  in  series  with  tlie  line  resistance  and  in  parallel  with  the  line  capacitance 
when  terminated.  Figure  2-12A  shows  the  equivaleut  cable  with  distributed  con¬ 
stants  while  Figure  2-12B  shows  the  lumped  constants  configuration  of  the  same 
cable. 
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FIGURE  2-12 

Approximate  Equivalent  Circuit  for  I«w  Frequency  Cables 


It  should  be  noted  that  at  the  lower  Irequencles  the  cliaracterlstlc  impedances  of 
transmission  lines  are  of  no  significance  as  rarely  will  the  line  be  as  long  as  one- 
quarter  wavelength  of  the  hlgliest- Instrument  frequency.  Typical  values  of  wire 
resistance  and  cable  capacitance  for  coaxial  cables  and  a  typical  22  gage  parallel 
wire  cable  are  given  la  Table  2-1  below. 


Cable 

Ohms/Foot 

Picofarads/ Foot 

RG58C/U 

22  gage  pair* 

.01 

.012 

28,5  (wire-to-shleld,'  j 
13  (wire-to-wire)  j 

♦Spacing  •  -IX  radius  and  dlaiectric  constant  »  2,  no  shield  considered. 
Resistance  2X  single  length. 

TABLE  2-1 

Typical  Values  of  Wire  Resistance  and 
Cable  Capacitance  for  Coaxial  Cables 

Hie  capacitance  per  foot  for  coaxial  and  parallel  v/.res  may  be  found  by  use  of  the 
following  formulas  and  by  referring  to  Appendix  B,  Coaxial  cable  specifications 
are  also  found  In  engineering  handbooks. 

a.  Coa>ial  Cable  Capacitance 

7.64  K  X  10  farads  per  foot  of  line 

-  Log  10  b/a 
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where 

a  “Radius  of  outer  surface  of  huier  wire 
b  -Radius  of  Inner  surface  of  outer  conductor 
k  -Relative  dielectric  constant  of  inner  insulation  (K  -  1  for  air) 
b.  Parallel  Line  Capacitance* 

lS  -1- -  farads  per  foot  of  line 

Log  10  b/a 

where 

a  -radius  of  each  wire 
b  -Spacing  between  wire  centers 
k  -Relative  dielectric  constant  of  insulation 
♦Twisted  lines  would  have  a  larger  capacitance. 

A  typical  transducer  with  a  given  cable  shunt  capacitance  and  sei  ,>s  resistance 
R^  and  a  resistive  load  Rj^  may  be  approximated  by  the  circuit  shown  In  Figure 
2-13.  The  signal  source  may  be  eUher  a  transducer  or  tlie  output  of  a  line  ampli¬ 
fier  with  an  Impedance  Z„. 

O 


FIGURE  2-13 

Approximate  Equivalent  Circuit  for  Low  Frequency  Transducer 
and  Lumped  Constants  Cable 

The  output  voltage  e^  would  be  a  product  of  the  voltage  divider  as  shown  In 
Figure  2-14, 


and  the  output  e.  relative  to  e„  Is: 

O  b 


where  Zj  “  ^ 

Zg -  R^  parallel  with  Cg 

As  the  impedance  of  is  normally  much  less  than  the  input  Impedance  of  a  given 
recorder  R^,  then  Rj^  niay  he  dropped  and  the  output  e^^  referenced  to  e^  Is  now 

1 

Rg  +  Rc  -  jXc  '  Uj{Rg+  Rg)  (2rFC) 
where  F  is  the  frequency  of  the  output  of  the  transducer. 

It  can  be  seen  that  at  higher  frequencies  and-  \yith  long  lines  tliere  would.be  an  er¬ 
ror  due  to  the  line  shunt  capacitance.  As  an  example,  500  feet  of  RG58  cable,  a 
transducer  with  a  4000  CPS  i-ange,  and  a  source  impedance  of  1000  ohms  would 
produce  a  signal  error  (amplitude  attenuation)  of  almost  7%  at  the  high  frequency, 
As  an  indication  of  the  Importance  of  low  source  impedinces  it  Rj  were  100  ohms 
the  signal  error  would  be  about  .07%. 


At  lower  frequencies- or  where  R^  Is  quite  small  tlie  output  relative  to  the  input  is: 


From  tfiC  above  relationship  it  can  be  seen  that  if  the  line  resistance  Is  within  a 
reasonable  percentage  of  the  load  Impedance,  as  it  would  be  if  an  oscillograph, 
galvanometer  were  driven  directly  from  a  transducer,  the  line  resistance  would 
cause  an  error.  Usually  IXl  errors  which  are  fixed  In  nature  such  as  the  line  re¬ 
sistance  can  usually  be  compensated  for  luring  calibration. 

Transmission  lines  which  are  located  in  severe  environments  will  be  subjected  to 
erfr'Mne  temjierature  variations.  This  can  cause  thermal  EMF  in  cables  which 
are  nonhomogenious  (e.g. ,  wire  witl)  varying  alioy  throughout  Us  length,  rare  with 
copper  wire,  but  possible  in  thermocouple  wire)  and  changes  in.  resistance  present 
in  all  wires  to  varying  degrees.  A  simplified  relationship  for  changes  of  resistance 
in  wire  is; 

(i  +  jq) 

where  R.^  is  the  relative  resistance  at  O^G,  X  is  the  temperature  coefficient  and  t 
is  in  degrees  centigrade. 

If  Ry  is  normalized  to  one  the  coefficient  X  for  copper  is  .00393,  Temperature 
coefficient  for  many  materials  may  be  found  In  tlie  "Jlandhoolt  of  Chemistry  and 
Physics".  The  result  is  that  a  10°C  change  in  temperature  can  cliange  the  resist¬ 
ance  of  a  copper  wire  by  approximately  4%  or  1.3  ohms  in  a  double  run  of  1000 
feet  of  22  gage  wire.  If  used  In  the  balanced  bridge  circuit  of  Figure  2-15,  the. 
output  error  would  be  21  MV,  a  large  error  in  a  low  level  system. 


FIGURE  2-15 

Pfifnotely  Located  Single  Active  Eleirient  Bridge  .  ? 


2.2  NOISE  REDUCTION  A^^D  PREVE.NTION  . 

2.2.1  GROUNDING 

Cixiunding  Is  a  general  term  uped  to  describe  that  part  cf  a  circuit,  system,  or 
power  eq-lpment  which  is  a  common  \  jitage  reference  point  or  datum  from  which 
Uie. operating  voltages  of  the  circuit,  system,  or  power  equipment,  may  be  measured. 
This  zero  voltage  reference  point  is  not  necessarily  connected  to  earth  ground.  A 
connection  to  earth  ground  is  used,  however,  for  two  important  reasons:  (1)  to  fix 
the  common  or  neutral  point  of  an  olcotrical  system  to  earth  potential  which  is  theo¬ 
retically  at  zero  volts;  and  (2)  to  provide  a  low  impedance  current  path  to  earth 
(zero  volts)  for  the  s.^iety  and  protection  of  personnel.  When.an  electrical  failure 
occurs  in  an  electrical  power  system,  very  large  amounts  of  current  can  be  passed 
into  conduit,  motor  cases,  junction  enclosures,  etc.  If  these  devices  are  grounded 
at  eartli  potential  through  low  Impedance  con.uectionS  (25  ohms  or  less)  no  harm  to 
personnel  will  occur  during  an  electrical  fault  condition.  ■ 

In  an  overall  grounding  system  design  lor  a  low-level  instrumentation  test  facility, 
there  are  two  categories  of  ground  systems  which  must  be  considered.  First,  the 
electrical  power  grounding  system  which  Includes  all  AC  power^  both  distribution 
and  utility  service  power  used  for  lighting,  equipment  power,  etc.  Second,  signal 
circuit  grounding  which  includes  all  electronic  and  electrical  control  ch'cuits  asso¬ 
ciated  with  the  instrumentation,  equipment.  The  design  of  each  of  tliese  grounding 
systems  for  an  instrumentation  facility  must  Include  careful  consideration  -  botli 
Independently  and  with  respect  to  each  other. 

2. 2. 1. 1  Power  Grounds 

As  previously  e.xplained,  eartli  currents  arealways  present  in  an  area  where  hea^y 
electrical  equipment  Is  being  used.  Therefore,  it  is  important  to  minimize  the  amount 
of  high-power  electrlc.al  equipment  in  the  area  of  the  Instrumentation  equipment. 

In  Figure  2-16,  primary  power  circuits  and  grounding  techniques  are  those  which 
are  standard  and  required  by  the  National  Electrical  Code.  The  most  important  con¬ 
sideration  concerning  the  primary  power  system  is  that  of  its  relative  location  to 
the  Instrumentation  system;  all  heavy  electri-od  equipment  and  primary  poiver  dis- 
strlbution  should  be  placed  as  far  as  possible  from  Uie  instrumentatiou  system  so 
llvat  power  caused  earth  currents  will  be  decreased  through  the  resistance  of  the 
earth.  As  shown  in  Figure  2-17,  one  half  mils  is  recommended  as  minimum  sep¬ 
aration  between  blockhouse  and  power  transmission  line.  This  distance  is  based 
on  the  need  to  reduce  earfh  current  and  radiation  effects  to  negligible  values  yet 
maintain  a  reasonable  proximity  between  the  Instrunhentation  complex  and  power 
source. 

Earth  currents  associated  with  high  voltage  transmission  lines  and  earth  currents 
which  liave  been  "trapped"  by  burled  conduit  follow  the  direction  of  the  transmission 
lines  .  .nd  conduit.  It  is  therefore  recommended  that  a  perpendicular  relationship 
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;  5  be  maintained  between  test  area-to-blockhouse  cable  runs,  and  any  power  lines 

which  are  carried  through  the  area.  Also,  Instrumentation  conduit  should  never 
pass  under  or  parallel  to  such  power  transmission  lines. 

Inside  the  Instrumentation  test  facility  the  electrical  grounding  of  power  circuits 
and  equipment  should  follow  closely  the  requirements  of  the  National  Electrical 
Code.  However,  tlie  the  grounding  of  the  low-level  low-frequency  instrumentation 
equipment  cabinets  should  be  separate  from  the  standard  AC  power  equipment  point 
from  the  AC  power  circuits,  AG  ground  currents  ■will  be  eliminated  In  the  cabinets, 
thus  eliminating  Instrumentation  noise  associated  wlUi  the  pickup  of  60  cycle  poten¬ 
tials  in  the  cabinet  Itself.  (Equipment  cabinet  isolation  Is  covered  in  more  detail 
I  '  in  Paragraph  2.  2.4.)  Figure  2-16  shows  a  power  system  grounding-design  which 

will  eliminate  or  greatly  reduce  any  noise  or  ground  currents  In  the  instrumentation 
-  .  system.  The  principles  In  this  design  are  as  follows: 

a.  Power  circuits  provided  with  adequate  ground  return  to  earth  as  required 

•  by  National  tiectrical  Code. 

i  jV  b.  Isolation  transformers  should  be  used  to  supply  .Instrumentation  system 

,  i  power  to  prevent  ground  loops  between  electrical  power  ground  points 

and  Instrurhentatlon  ground  point. 

There  have  been  many  articles  written  on  the  subject  of  electrical  power  system 
grounding.  Some  of  these  articles,  give  rigorous  explanations  concerning  the  design 
requirements  of  an  electrical  grounding  system.  One  such  article,,  entitled  "The 
Realization  of  Comiiatible  Structure  Grounding  Systems"  by  H,  W.  Ervin,  D.  R. 
Lightner,  and  Robert  Powers,  gives  a  design  criteria  of  a  ground  system  for  both 
electrical  and  eleetronic  facilities  where  high  frequency  RF  electromagnetic  fields 
are  present  or  generated.  Although  the  scope  of  this  Handbook  does  not  include 
high  frequency  type  systems  such  as  radar  stations  and  facilities,  it  is  important 
to  note  that  because  of  the  electromagnetic  radiation  problems  associated  with  such 
systems  the  grounding  requirements  are  significantly  different  from  those  used  in 
low-frequency  low-level  Instrumentation.  The  grounding  oI  a  high  frequency  system 

*  should  consist  of  many  unconnected  parallel  paths  originating  at  the  circuits,  raod- 

I  ules  or  subsystems  (See  Figure  2-18)  and.  terminating  at  a  common,  ground  point  so 

that  the  ground  currents  can  be  distributed  to  the  ground  point  through  as  low  an 
.  impedance  path  as  possible  and  through  the  shortest  path  as  possible.  Figure  2-10 

1  .  illustrates  how  the  current  In  an  isolated  conductor  is  distributed  when  the  current 

is  at  radio  frequencies. 

As  the  frequency  being  transmitted  by  the  wire  increases,  the  inductance  and  im- 
j  ^  .  pedance  in  the  center  of  the  wire  lncre0.6es  greatly  to  where  the  current  in  this 

-  area  is  effected  and  caused  to  flow  at  the  surface  of  the  conductor.  The  useful 

current  carrying  area  of  the  conductor  is  reduced  and  the  effective  impedance  of  the 
j.  conducer  is  increased.  Therefore,  when  ground ing.hlgh  frequency  circuits,  many 
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gtou ad  paths  to  earm  effectively  lowers  the  irapedanqe  offered  to  Uie  current  as 
well  as  divides  the  total  current  between  the  conductors. 


FIGURE  2-18 


Simplified  Diagram  of  Multiple  Ground  Paths 

In  contrast,  a  low-frequency  instrumentation  system  measuring  data  from  1  to 
5000  CPS  requires  that  each  ground  circuit  be  maintained  ungrounded  uniil  it 
reaches  the  system  ground  point.  This  is  done  to  eliminate  ground  loops  which 
are  susceptible  to  error  causing  ground  currents  and  to  magnetically  induced 
error  voltages. 

2.  2.1.  2  Signal  Circuit  Grounds 

The  "signal  ground"  is  associated  with  the  transmission  of  ciata  or  control,  sigials  . 
The  signal  ground  circuit  is  therefore  a  separate  entity  and  is  distinguished  from 
the  electrical  power  ground  or  AC  return  and  the  equipment  ground  which  is  re¬ 
quired  by  the  National  Electrical  Code  for  human  safety  and  protection  against 
electrical  faults. 

In  data  instrumentation  there  are  two  forms  of  signal  grounds.  Eacdv  one  is  asso- 
ciatecl  with  the  function  of  signal  transmission  in  the  system  such  as  acquisition, 
reduction,  and  conversion  of  low-level  voltage  measurements  to  engineering  units. 
These  signal  grounds  are  analog  signal  grounds  and  digital  signal  grounds. 

2.-2.1.  2i-l  Analog  Signal  Grounds 

Analog  sipial  grounds  In  an  instrumentation  system  are  those  grounds  associated 
with  the  analog  voltage  cir  cuits  such  as  tran.'^ducers,  and  and  solenoid  con¬ 
trol  circuits.  Transducer  is  a  general  term  which  describes  any  device  that  con- 
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FIGURE  2-19 

Isolated  Round  Conductor  Showing  Magnetic  Flux  Paths 
and  Typical  Current  Uistributions 


verts  energy  of  one  form  into  energy  of  another  form,  such  as  a  motor  generator 
Which  converts  the  energy  of  mechanical  rotation  into  electrical  energy. 

Analog  signal  grounds  must  be  considered  In  relation  to  the  signal  producing  trans¬ 
ducer  and  to  the  signal  amplifier  as  well.  Amplifiers  may  be  classed  into  two 
types:  sln^e-ended  and  differential  (isolated,  feedback). 

Other  important  analog  signal  grounding  considerations  include  prevention  of 
ground  loops  by  more  thah  one  common  ground  point  in  the  analog  signal  section 
and  the  grounding  methods  which  should  be  used  in  a  multiple  test  stand  facility. 

The  grounding  procedures  given  will  be  for  transducers  in  general  since  the 
gi'ounding  tec.hniques  discussed  will  apply  to  almost  all  transducers,  in  common 
use  today  in  a  rocket  test  facility  and  instrumentation  system.  When  consider-  ' 
ing  measurements,  there  are  two  choices  which  can  be  made;  (1)  Use  a  grounded 
transducer  such  as  a  bonded  thermocouple  or;  (2)  use  an  ungrounded  transducer 
such  as  a  strain  gage  bridge  transducer.  In  each  type  of  transducer  Uie  maximum 
measurement  accuracy  can  be  obtained  only  if  noise  is  reduced  in  the  measure¬ 
ment.  By  properly  grounding  each  transducer  type,  many  of  the  deterrents  In 
obtaining  higher  djita  accuracies  can  be  eliminated.  • 

a.  Grounded  Transducers  -  Figures  2-20  and  2-21  are  bonded  thermocouple 
transducers  which  are  commoidy  used  in  instrumentation  systems.  The 
thermocouple  is  shown  utilized  in  two  system  cG'nfiguration8>  In  the  first 
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configuration,  Flgur’e  2-20,  a  thermocouple  is  used  with  a  single-ended 
data  amplifier  whose  output  Is  taken  into  the  data  system  to  drive  recording 
devices  such  as  oscilloraphs,  strip-chart  recorders,  etc.  The  shield 
which  surrounds  the  transducer  signal  leads  must  be  grounded  to  pass  any 
electrostatically  Induced  currents  directly  to  earth.  If  the  shield  is  not 
grounded  the  strong  possibility  exists  that  these  currents  will  flow  directly 
through  the  signal  leads  via  shleld-to-signal-lead  capacitance. 


NOT  RECOMMENDED 
nCURE  2-20 

Shield  Current  Flow  Through  Signal  Leads 
When  Shield  Not  Grounded 

It  is  therefore  natural  to  question  which  end  of  the  shield  should  be  grounded 
to  allow  shield  currents  to  flov/  directly  to  earth.  The  best  place  to  ground 
the  shield  is  at  the  same  point  which  grounds  the  transducer.  This  insures 
that  shield  and  signal  leads  are  always  at  virtually  the  same  potential.  This 
recommended  practice  is  illustrated  in  Figure  2-21. 

Grounding  of  the  shield  at  the  amplifier  end  of  grounded  transducer  signal 
j  lines  can  cause  extremely  high  common- mode  noise  as  shown  in  Figure  2-22. 

'  The  large  capacitance  between  shield  and  signal  lines  (typically  50  pf/ 

V  foot)  is  a  relatively  low  impedance  path  for  AC  currents  caused  by  common- 
^  mode  voltages  As  can  be  seen,  the  current  path  Includes  the 
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signal  lines  theiiiselves.  This  means  that  common- mode  noise  voltages  will 
be  developed  In  the  signal  lines  In  direct  proportion  to  the  amount  of  line 
resistance  and  the  amount  of  common-mode  current  generated. 

As  shown  In  Figure  2-23,  common-mode  currents  are  virtually  ellmlruited 
by  connecting  both  shield  ind  transducer  to  the  same  ground  point. 


FIGURE  2-23 

Common-Mode  Current  Path  Eliminated 

In  Figure  2-24,  a  bonded  thermocouple  is  connected  to  the  Input  of  an 
isolated  DC  amplifier.  The  shield  of  the  input  cable  to  the  amplifier  is 
connected  to  the  amplifier  Internal  guard  shield  which  gerves  as  an  exten¬ 
sion  of  the  signal  shield  within  the  amplifier.  In  addition,  a  ground  line  Is 
shown  connected  between  the  data  system  ground  point  and  earth  ground  ol 
the  test  area.  This  ground  bus  is  necessary  in  any  Instrumentation  system 
which  uses  Isolated  dlflerentlal  anipiificrs  for  tWo  reasons: 

1.  It  serves  a.s  the  earth  reference  for  the  recording  system  to  reduce 
high  voltage  hazards. 

2.  It  practically  eliminates  common- mode  potentials  which  would  otherwise 
exist  between  amplifier  Input  and  output  if  the  data  system  were  totally 
earth  grounded. 

Note  lhal  the  amplifier  case  and  output  shield  Is  grounded  at  data  system 
grounding  plate.  This  grounding  ttrchnlquc,  and  that  shown  for  the  signal 
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FIGURE  2-24 

Differential  Amplifier  With  a  Bonded  Transducer  Input,  Guard  Shield 
Connected  to  Ground  at  Transducer  Ground  Point 

Input  conforms  *6  one  significant  grounding  principle;  the  elimination  of 
noise  s'jsceptable  loops. 

If  grounded  bridge  circuits  are  being  instrumented,  careful  consideration 
should  be  given  to  the  manner  in  'which  they  will  be  used.  Figure  2-25  lllus- 
trales  a  single  channel  grounded  bridge  transducer  with  DC, excitation  and  a 
single-ended  amplifier. 


a  , 

The  resistor  can  ba  chorted  out  entirety  in  this  method  of  eroundlhg, 
thuj  destroying  the  cfiaracteristics  of  the  bridge.  By  balancing  the  DC 
excitation  supply  to  ground,  as  shown  in  Figure  2-26,  the  entire  bridge  will 
then  be  balanced  with  respect  to  earth  and  the  unbalanced  impedance  pre¬ 
sented  to  the  amplifier  ir.put  wilt  be  due  only  to  the  leg  resistances  in  the 
bridge. 

Although  a  ground  loop  still  exists  its  effect  will  be  greatly  reduced  by  a 
balanced  excitation  supply  to  earth, 

A  significant  movement  over  the  above  circuits  can  be  achieved  if  an  iso¬ 
lated  amplifier  is  used  as  Illustrated  in  Figure  2-27,  In  this  configuration, 
two  grounds  can  exist  betv;een  the  grounded  transduecr  and  amplifier  with¬ 
out  degrading  system  performance  since  essentially  ho  earth  common- mode 
generator  exists  between  the  two  areas. 


FIGURE  2-26 

Balanced  Method  of  Grounded  Bridge  Circuit 


Some  recommended  practices  for  use  with  grounded  transducers  are  given 
below: 

1.  Ground  shield  and  transducer  at  same  point  where  posalble. 

2.  Connect  guard  shield  of  amplifier  Input  to  shield  of  signal  cable. 

3.  Use  two  conductor  shielded  cable  where  possible,  (e.  g.  thermocouple 
extension  wires). 

4.  Connect  amplifier  output  shield  and  low  side  to  data  system  ground  block. 
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Bridge  Transducer  with  Isolated  DUierentlal  AmplUler. 

Figure  2-28  Illustrates  a  complete  design  oi  a  grounded  typo  thermocouple 
system  with  all  major  units  In  the  transmission  path  from  lest  stand  tci  the 
recording  device, 

b.  Ungrounded  Transducers  -  Shov/n  In  Figure  2-29  are  floating  transducers 
which  are  In  common  use  at  many,  rocket  test  facilities.  These  are  floating 
or  unbonded  thcrmocoupies  and  wlieatstone  bridge  type  transducers;  The 
grounding  procedures  applied  to  these  transducers  will  be  representative  ' 

of  the  requirements  of  most  ungrounded  transducers.  1 

In  the  first  two  figures,  Figure  2-29A  and  2-29B,  are  show'n  two  configura¬ 
tions  of  floating  thermocouple  type  transducers.  Each  transducer  has  a  } 

metallic  enclosure  and  the  enclosure  Is  connected  to  the  shield.  In  Figure  | 
2-29A,  the  enclosure  or  case  is  grounded,  thus  the  Shield  is  also  grounded. 

If  (he  load  on  the  signal  line  is  a  single-ended  amplifier  as  shown,  the  . 
shield  should  not  be  connected  to  the  amplifier,-.  The  shield  must  be  grounded  j 
at  only  one  point,  preferably  at  the  transducer  end,  as  explained  for  grounded  * 
transducers.  However,  If  the  load  is  an  Isolated  amplifier  as  in  Figure 
’  2-20B,,  It  is  not  necessary  to  connect  any  part  of  the  circuit  to  earth  g.’ound.  | 

Certain  types  of  non-laoiated  differential  amplifiers  require  Uiat  a  trans-  .  | 

ducer  ground  path  be  provided  ior  proper  amplifier  operation.  The  ampli¬ 
fier  manufacturer  should -be  consulted  In  this  regard.  ;  I 

Figure  2-29C  represents  a  typical  ungrounded  bridge  circuit  using  an  exclta-  ^ 
tion  power -supply,  which  is  balanced  to  ground.  The  transducer  and  power  . 
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supply  iue  riliit'kieiJ  by  their  cases  am,  prounded  ut  the  lest  stand  pr-u,,;d  , 
with  the  system  ground  t.'us  and  cable  shterds. 

De.sign  rules  tor  using  ungrounded  transducers: 

1.  Use  shielded  twisteil  pair  for  thermocouple  wires  wherever  possible. 

2.  Always  ground  shields  of  transducer  input  c.ibles  ,rs  near  transducer  as 
possible  and  at  only  one  point. 

3.  Provide  a  continuous  sliield  "blanket”  (or  alt  transducers  and  cabling. 

4.  iVlen  using  an  isolated  ampitfier  as  a  load  for  a  floating  transducer, 
cotine  l  guard  shield  to  input  cable  shield. 

Figure  2-311  shotvs  att  overall  bridge  circuit  instrumentatiun  for  a  typical  applica¬ 
tion  when?  isolated  differential  amplifiers  are. used  as  well  as  a  common  DC 
excitation  power  supply  for  the  bridge  circuits. 

2.  2.  J.2.  2  Multiple  Test  Stands 

.So  far,  only  single  tliarmel.s  have  been  considered.  This  is  rarely  the  case  in 
modern  data  instrumentation  sy.stems,  it  is  more  common  to  use  f;  om  10 
ch.innel-s  to  200  or  more  clianncl.s  per  system.  In  sonv.'  cases,  it. is  evea  po.s-  . 
-sible  to  have  two  or  more  test  stands  with  100  or  mine  channels  c-ach  which  c.in 
be  routed  or  patched  Into  the  data  system  either  .simultaneously  or  at  dirfmeni 
times.  Normally,  only  one  test  area  will  be  used  at  a  time.  This  is  rt  corn- 
mended  since  the  separation  distance  between  the  two  test  areas  can  be  several 
hundred  yards.  This  separation  of  grounds  can  develop  a  considerable  common¬ 
mode  voltage  between  the  two  areas  and  a  different  common- mode  voltage  will 
exist  between  each  test  area  and  Instrumentation  area. 

If  two  or  more  test  areas  are  L’ing  utilized  in  one  data  Instrumentation  system, 
different  common  potentials  will  be  applied  to  the  Input  of  the  data  instrumenta¬ 
tion  equlpfnent  as  ft  is  connected  to  each  test  area. 

As  shown  In  Figure  2-31,  a  common- mode  potential  will  cause  a  current  to 
flow  through  the  low  lm[>Edance  side  of  the  bridge  circuit  of  one  channel  and  back 
through  the  low  impedance  side  of  the  other  channeL  There  are  two  approaches 
to  this  problem:  (1)  use  IsoLited  differential  amplifiers  In  each  signal  line  with 
high  common-mode  rejection  ratios  (one  million  to  one  Is  typical);  and  (2)  use 
switched  ground  returns  from  each  test  area.  In  the  second  method,  a  single 
connection  Is  made  to  the  Instrumentation  equipment  ground  point  Iroin  all  test 
areas  through  a  multi- position  switch  of  sufficient  size  to  carry  the  return 
current  as  well  as  any  fault  current  caused  In  the  AC  power  circuit. 

As  shown  In  Figure  2-32,  a  ground  loop  path  for  common- mode  current  Is  broken 
by  the  switch,  thus  breaking  (he  groa.ad  loop  from  one  test  area  to  another  through* 
the  data  system  and  ground  bus  wire  resistance. 

y2-43 


nGtFaE'2-30 

Bridge  System  With  Common  Power  Suoolv 


)- 


NOT  RECOMMENOEO 


FIGURE  2-31 

Earth  Potentials  Between  Two  Test  Area  Grounds.  Causes  Common- mode 
Potentials  In  Instrumentation 
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FIGURE  2-32 

Earth  Potential  Effects  Between  »e8t  Areas  Eliminated  by  use  of 
Switched  Ground  Biio  Wires 


In  addition  to  the  ground  loops  between  test  areas,  it  is  obvious  that  ground  loops  f  i 

can  also  occur  between  channels  at  the  same  test  area.  Precaution  must  be  ., 
taken  to  Insure  that  all  shields  are  isolated  from  each  other,  except  at  the  ground 
point,  and  that  each  channel  is  clear  of  any  unintentional  grounds.  This  is  easily 
verified  by  lifting  ail  wli-es  from  common  ground  point  and  taking  a  continuity 
check  of  all  lines  and  shields  to  ground.  Figure  2-33  shows  a  typical  instrumenta¬ 
tion  system  grounding  design  in  which  all  recommended  grounding  techniques 
required  to  obtain  a  "mlnlmum-nolse"  Instrumentation  system  are  utilized.  ! 

I 

2. 2. 1.  2.  3  Digital  Signal  Grounds  / 

Tlie  Increasing  use  of  digital  processing  equipment  in  data  acqulsltl.on  brings  with  ",  . 
it  many  ivcw  and  interesting  problems  which  arc  not  usually  found  In  an  ail  analog  j 

system.  Among  them  Is  the  noise  generated  by  very  fast  level  changes  caused  by  *  ’ 

swltchl.ig  circuits  within  the  system.  A  digital  circuit  operates  by  recognizing 
the  State  of  a  two- level  voltage  or  current  signal,  the  speed  of  the  system  is  { 

therefore  limited  by  the  speed  at  which  the  levels  can  be  changed.  As  the  speed  1  , 

of  the  digital  systems  are  increased  the  noise  generated  by  these  very  rapid  level 

clnnges  Is  also  Increased,  [  ■ 

1 

Before  an  attempt  is  made  to  reduce  this  noise,  it  is  Important  to  know  where  it 
comes  from  and  ho.v  It  la  transmitted. 

In  the  wiring  of  a  digital  system  there  exist  pulse  waveforms  which  contain  high  ■ 

frequency  components  caused  by  such  things  as  the  system  clock  and  trigger 
pulses  used  to  cluvnge  the  state  (binary  1  or  0)  of  logic  elements.  These  wave¬ 
forms  are  being  transmitted  between  one  point  and  another  within  the  logical 
building  blocks  of  the  system.  Typical  systems  liave  6  V  transitions  from  each  | 

binary  level  to  the  next  which  can  occur  in  from  0.  2  USEC  to  10  nanoseconds.  At 
0.  1  USEC,  this  transient  would  have  a  basic  frequency  component  of  at  least 
2.  50  MC,  The  actual  pulse  rate  of  the  logic- levels  may  be  occuring  at  a  relatively  [ 

slower  rale,  100  KC  to  500  KC  for  example.  It  is  the  higher  frequency  compo-  ■ 

nents  of  the  switching  transients  which  are  transmitted  from  wire-lo-wlre  by  the 
coupling  capaclUince  and  inductance  between  them.  This  type  of  noise  coupling  > 

is  easily  recognized  by  its  differentiated  or  "spiked"  waveform.  '  | 

It  a  typical  logic  waveform  is  examined.  Figure  2-34,  a  better  understanding  may 
be  obtained  of  the  high  frequency  components  which  are  generated.  f 

The  transient  may  be  regarded  as  one-quarter  of  a  siaewave,  the  duration  of  i 

which  is  0.  4  USEC  and  the  frequency  of  which  is  2.  5  MC.  A  typical  waveform 
v/ould  be  a  band  of  frequencies  extending  from  the  first  harmonic  up  to  2.  5  MC, 

Pickup  in  adjacent  wiring  is  caused  If  the  wiring  has  a  resoiant  frequency  which 
is  within  this  band  of  frequencies. 

In  Figure  2-35A  a  typical  wiring  configuration  is  shown  with  the  wlre-to-wire 
capacitance  Cj,  In-wire  (1)  is  a  clock  pulse  whose  waveform  Is  a  square  wave 
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FIGURE  2-35 

Typical  Wiring  ConJ'lgui-atlon 

.pulse,  wire  (2)  is  located  at  a  distance  which  determines  the  yalue  of  Cj.  The 
equivalent  circuit  of  the  configuration.  Figure  2-35B,  shows  the  resultant 
differentiated  pulse  in  wire  (2)  as  a  resuit  of  coupling  capacity  C^.  The  capaci¬ 
tance  can  he  minimized  by  using  a  high  dielectric  constant  insulation,  material 
on  the  wires  and  by  using  the  thickest  possible  Insulation  material,  Te.flon  is 
recomme  tided. 

Another  problem  frequently  t'p.und  in  digital  systems  are  those  which  oi)erate 
using  a  synchronized  pulse  train  (clock)  which  controls  each  sequence  of  its 
operation.  Because  each  pulse  occurs  slniultaneously  and  occurs  throughout. 
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the  digital  wiring  the  instantaneous  current  at  the  rise  and  fall  of  each  pulse  can 
approach  magnitudes  In  the  order  of  200  to  300  AMPS,  This  high  current  at  the 
.  rise  and  fall  of  the  pulse  creates  a  large  magnetic  field  that  will  radiate  throughout 
the  system  causing  intermittent  triggering  of  circuits  which  can  upset  the  entire 
operation.  This  problem  can  be  mlnlmiaed  if  the  deck  lines  are  tu  isted  with  a 
grounded  wire  to  reduce  the  magnetic  field  and  cause  a  coupling  of  a  certain 
mount  of  the  r»W;jnecic  field  to  ground, 

'  Because  of  the  cooiJing  problem  it  is  recommended  that  digital  systems  be  wired 
using  a  point-to-iwlnt  method  rather  than  routing  signals  in  a  bundle  or  neat  par¬ 
alleled  cables.  Plgure  2-38  shows  a  photograph  of  actual  wiring  on  the  rear  of  a 
typical  logic  card  rack.  The  point-to-point  wiring  used  In  these  card  racks  is 
j  v'tUlzod  within  each  individual  card  rack  because  all  high  speed  logic,  where  pos¬ 
sible,  is  confineiJ  to  within  individual  card  racks.  Tnls  minimizes  the  use  of  long 
wires  going  from  one  rack  to  another  carrying  very  fast  rise  time  pulses.  Where 
interconnections  are  necesS.ary  between  card  racks,  they  should  be  as  short  as 
possible  and  should  always  be  made  as  a  fan  out  from  one  point  if  the  signal  is  to 
be  distributed  to  several  points.  Since  all  points  are  effectively  In  parallel  with '  ^ 
the  fan  out  distribution  point,  each  line  wUl  be  short  as  compared  to  the  len(^.  of 
a  lino  which  connects  all  the  points  as  a  series  string.  Since  the  inductance  of  a 
wire  is  directly  related  to  its  length,  the  overshoot  and  ringing  (caused  by  induc¬ 
tance)  can  be  reduced  up  to  75%  by  the  fan  out  wiring  method. 

Because  of  the  capacitive  coupling  and  magnetic  fields  resulting  from  the  very  fast 
rise  and  fall  times  of  digital  pulses  every  precaution  should  be  taken  to  minimize 
the  effects  by  twisting  clock  lines  with  ground  wires  and  by  point-to-point  wiring 
’  to  reduce  capacitive  coupling.  The  ground  wires  in  a  digital  system  are  important 

!  and  should  receive  careful  consideration  because  they  will  also  be  carrying  the 

j  pulses.  The  ground  wires  cannoi  be  considered  at  zero  refarence  potential  until 

i' 

i  they  reach  the  comrhon  ground  point.  Since  the  ground  wire  will  have  an  Inductance 
}  and  resistance,  the  current  from  the  digital  pulses  distributed  Into  the  ground 

!  Wires  will  create  potentials  along  the  ground  wire  Inductance  and  resistance.  All 

j  circuits  sharing  the  ground  wire  can  be  effected  by  these  ground  potentials  (e.g. , 

'  sensitive  trigger  circuits).  When  many  parallel  paths  In  the  ground  wiring  are 

I  provided,  the  ground  current  will  be  distributed  and  dlvlde-d  into  smaller  amounts 

in  each  wire  thus  reducing  the  potentials  along  the  wire.  Therefore,  a  general 
rule  to  follow  in  the  grounding  of  digital  circuits  is  to  wire  each  ground  circuit  so  . 

k  .  .  ■  ■ 

that  it  will  have  individual  convergence  to  the  ground  point.  Also  tiie  grounding 
should  follow  a  treeing  effect  so  that  all  branch  wiring  will  run'to  the  main  ground 
'  -  point  without  forming  closed  paths. 

Illustrated  In  Figure  2-37  is  a  wiring  method  that  provides  multiple  paths  to 
'  ground  by  running  a  minimum  of  four  vertical  ground  buses  between  logic  card 
racks.  Hearby  ground  circuits  are  then  wired  to  the  ground  buses  forming  a 
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Ground  and  Voltage  Routing  In  Logic  Card  Racks 
treeing  effect  of  ground  wires.  Power  to  the'card  racks  Is  distributed  between 
card  racks  using  a  horizontal  laminated  iow  Inductance  DC  power  buses. 

In  an  overall  system  where  both  analog  and  digital  circuits  must  be  housed  in  the 
same  equipment  cabinet,  it  Is  Important  to  keep  as  much  physical  separation  be¬ 
tween  them  as  possible,  e.  g. ,  at  opposite  ends  of  the  cabiraL  The  common  ground 
plate  In  the  system  can  be  located  in  the  center  of  the  cabinet  or  two  ground  plates 
can  be  utilized,  one  for  analog  ground  and  one  for  digital  ground.  These  twoground 
plates  must  then  be  tled  together  witn  low  Inductance  connections  and  then  tied  to 
the  system  ground  bus  line  described  earlier.  A  typical  ground  plate  Installation 
in  a  small  digital  system  Is  shown  In  Figure  2-38. 

Each  card  rack  uses  a  horizontal,  laminated  low  Inductance  power  strip.  Power  Is 
distributed- between  card  racks  with  a  vertical  power  strip  on  barriers.  To  effec¬ 
tively  reduce  overall  Inductance,  of  the  ground  further,  at  least  four  wires  are  used 
between  each  card  rack  ground. 
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System  Ground  Plate  Installation 
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2.  2.  2  SHIELDING 

Shielding  may  be  necessary  to  either  keep  various  signals  or  noise  confined  within 
certain  limits  or  It  may  be  necessary  to  keep  various  signals  or  noise  out  of  a 
certain  area,  such  as  low-level  Instrumentation  cables.  In  order  that  effective 
shielding  be  provided,  the  type  of  the  signal  or  noise  which  Is  being  shielding  must 
be  known,  e.g. ,  electrostatic  fields,  or  electiomagnetic  fields.  Each  of  thr/’c- 
have  been  discussed  earlier  and  more  data  may  be  obtained  by  referring  to  refei  - 
ences  listed  In  the  Bibliography, 

Electrostatic  fields  have  a  characteristic  which  make  them  rather  simple  to  shield 
against.  Electrostatically  induced  current  In  a  shield  must  flow  through  the  sur¬ 
face  reslsUnce  of  the  shield  and  will  not  penetrate  the  shield  If  It  is  a  fairly  good 
conductor.  Thus,  In  Instrumentation  cables  it  is  common  to  find  copper  braid  or 
copper  stranded  wrap  as  an  electrostatic  shield.  There  are  several  good  forms 
of  electrostatic  shields  available  for  cable  manufacturers,  among  them  are 
stranded  copper  braid,  stranded  copper  wrap,  and  double  braided  shields. 

Electrostatic  fields  predominate  over  magnetic  fields  Li  most  Instrumentation  areas 
and  the  use  of  a  copper  bralded'mesh  shield  Is  fairly  effective.  However,  If  there 
are  magnetic  fields  present  such  as  those  generated  by  high  current  transformers, 
and  high  current  AC  power  circuits  the  copper  braid  provides  little  shielding  ef¬ 
fect.  To  be  effective  agsilnst  magnetic  fields  a  conducting  shield  should  have  a 
thickness  tlial  Is  several  times  the  skin  depth  a : 

5033  ^p/jif 
skin  depth 

p  •=  resistivity  of  conductor,  ohms  per  centimeter  cube 
{  -  frequency,  cycles  per  second 

fi  m  magnetic  permeability  of  shield  material  (permeability  of  atr 
equals  one),  for  low  fliix  densities  p  Is  the  initial  permeability. 

For  copper  at  20°  tlie  akin  depth  Is 
S(cm)  ‘ 

’  -  ■ 

The  attenuation  of  a  magnetic  field  whose  flux,  is  normal  to  the  conductor  (shield)  is 

Shield  attenuation  =  8,69  x  ‘ft’  ' 

o. 

a  »  shield  thickness,  cm 
6  =  skin  depth 


Wliere  fl 
6 
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Magnetic  flux  which  attemots  to  pass  through  a  low  resistivity  shield,  such  as  cop¬ 
per  or  aluminum,  induces  voita.ges  which  cause  eddy  currents  in  the  shield.  These 
eddy  currents  appose  the  direction  of  and  tend  to  prevent  the  penetration  of  mag¬ 
netic  fields  through  ihe  shield.  The  eddy  currents  are  a  desired  effect  In-any  iow 
resistivity  magnetic  shieid.  If  a  joint,  break,  or  hole  exists  In  the  shield,  its  ef¬ 
fectiveness  is  reduced. 

A  high  permeability  ferrous  material  such  as  iron  is  the  best  magnetic  shieid  be¬ 
cause  magnetic  flux  will  actually  be  absorbed  by  the  ferrous  material.  The  iron 
or  iron  aiioy  wUl  have  a  lower  reluctance  (resistance  to  magnetic  fiux)  than  air 
causing  a  magnetic  field  to  be  attracted  to  it.  The  higher  the  per.oeability  of  a 
material  the  better  magnetic  shield  material  It  Is,  nickei-iron  alloys  havt  perme¬ 
abilities  in  the  range  of  10,000  V  1,000.  The  permeability  of  a  magnetic  mate¬ 
rial,  is  a  ratio  of  the  flux  density  the  magnetizing  force,  D/H. 

Shielding  of  power  conductors  is  a  method  which  may  be  used  to  attenuate  both  elec¬ 
trostatic  and  electromagnetic  coupling  between  power  conductors  and  susceptible 
data  acquisition  system  conductors. 

Of  the  various  wiring  methods  available  to  the  facilities  design  engineer,  many 
surround  the  insulated  power  conductors  with  a  grounded  metallic  enclosure  for 
the  physical  pi'otection  of  the  wire  or  cable.  The  shielding  effect  of  this  enclosure 
can  be  put  to  good  use  in  the  design  of  a  test  facility.  The  metallic  enclosures 
used  to  protect  power  conductors  may  be  cylindrical  or  rectangular,  smooth  or 
corrugated  and  may  be  part  of  a  complete  power  cable  assembly  or  may  be  a  sep¬ 
arate  conduit  or  duct  into  which  the  conductors  are  pulled.  The  enclosure  may 
vary  in  thickness  from  a  0.005  inch  thick  spiixtiiy  wrapped  metal  tape  to  a  conduit 
wail  1/8  inch  thick.  The  materials  in  common  use  today  are  steel,  aluminum,  and 
copfer. 

The  electrostatic  coupling  between  power  conductors  and  other  physically  paralleled 
coixiuctors  will  be  eliminated  by  any  grounded,  conducting  surface  completely  sur¬ 
rounding  the  power  conductors.  The  contaiiiment  of  the  electrostatic  field  Is  not 
dependent  upon  either  the  thickness  or  material  of  the  conducting  surface  so  long 
as  the  surface  presents  a  low  impedance  to  ground  at  all  points  and  completely  ■ 
surrounds  the  power  conductors. 

Tlie  electromagnetic  field  at  power  frequencies  is  only  partially  attenuated  by  a 
metallic  enclosure  and  the  degree  of  attenuation  depends  upon- the  material  and  Its 
thickness.  The  shielding  effect  Is  proportior.ai  to  the  permeability  of  the  material 
and  varied  directly,  tliough  not  lin-'-irly,  with  the  thickness.  (As  the  total  thick¬ 
ness  increases,  a  unit  Incremental  Increase  in  thickness  results  in  a  diminishing 
increase*  in  attenuation.)  It  follows  that  a  ferromagnetic  enclosure  is  a  far  more 
effective  elecironi'agnrtic  shieid  than  a  non-ferromagnetic  and  that  thickness  Is  a 
destoble  characteristic.  , 


Of  slU  of  Iho  conductor  enclosures  available  to  the  test  facility  design  engineer, 
rigid  steel  conduit  moat  closely  approaches  the  Ideal  shield.  In'ordor  to  delermlno 
the  cflectlvcness  of  rigid  sicel  conduit  as  an  electromagnetic  shield  at  jwver  fre¬ 
quencies,  tests  were  conducted  which  compared  the  magnetic  Held  strength  near 
unshielded  conductors  carrying  a  constani  60  cycle  currenl  against  the  same  con¬ 
ductors  installed  In  steel  electrical  metallic  tubing  (thln-wall)  and  rigid  steel  con- 
dull,  It  was  found  thal  the  electrical-  metallic  hiblng  atlenuai-ed  the  field  approxl- 
tnalely  -7  to  -8  db  while  the  rigid  steel  condull  provided  -10  lo  -18  db  attenuation. 

2.2.3  PAIR  TWISTING 

As  described  in  Section  2  under  Electronmgnetlc  Radiation,  magnetic  fields  can 
penetrate  Uie  area  between  two  conductors  and  Induce  a  potential  In  an  l.iatrumen- ' 
tation  line.  If  the  area  between  the  two  conductors  could  bo  reduced  to  rero,  the 
Itsduced  volUge  would  aleo  be  reduced  to  zero.  However,  fho  Insulation  around 
the  wires  prevent  a  zero  area  between  the  conductoro.  Coaxial  cable  accomplishes 
an  effective  zero  area  by  flurroundlnp  one  coraluctor  with  .another  conductor.  The 
other  conductoi'  Is  the  shield  and  Is  grounaed  lo  bleed  off  stray  currents.  If  the 
shield  In  a  coax  Hue  le  one  side  of  signal,  stray  currents  wtll  cause  noise  errors 
In  the  meaeurement. 


If  a  Iwo  wire  transmission  line  Is  twisted,  the  voltages  Induced  In  the  line  will  be 
proportloml  to  Uie  area  between  the  conductors.  Figure  2-39  Illustrates  Oiat 
twlsHng  will  reduce  th-i  area  between  the  wires.  Shown  Is  a  twisted  pair  of  wires 
trrmlnaled  In  a  resistive  load  and  conned ed  to  a  source  with  an  Internal  Im¬ 
pedance  cfRj.  A  uniform  magnetic  field  Is  Imposed  upon  the  wires. 


A  current  will  bo  Induced  In  the  circuit  proportional  to  the  circuit  loop  area  and 
the  rale  of  change  of  the  magnetic  field.  It  can  bo  seen  thal^ach  loop  or  section 
will  have  a  finite  .area  which  Is  susceptible  to  Inducexi  voltages  caused  by  ihe  Im¬ 
pinging  magnetic  field.  As  the  wires  are  brought  cloaer  logether  by  twl.stlng,  tho 
loop  area  Is  reduced  and  the  induced  voltage  will  also  be  reduced. 
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When  a  magnetic  fltlJ  Is  created  around  the  wires  due  to  a  current  flowing  in  the 
wires,  then  each  loop  will  have  a  magnetic  field  equal  in  magnitude  btit  opposite 
In  direction.  Thus,  as  the  wires  are  brought  closer  together  the  fields  will  tei»d 
to  cancel  one  another  because  the  fields  produced  by  each  wire  are  In  opposition 
and  the  opposing  force  will  effectively  cancel  the  field. 

It  Is  a  common  practice  to  twist  all  Instniincntatibn  wire  in  order  that  a  ceitain 
amount  of  magnetic  field  rejection  can  be  achieved.  Likewise,  It  Is  highly  recom¬ 
mended  that  all  i>ower  circuits  which  distribute.  CO  cycle  AC  power  to  the  Instru¬ 
mentation  equipment  be  twisted  with  as  many  twists  per  foot  as  possible.  Tlie 
ntore  twist.S  in  the  wires  the  less  will  be  the  effective  area  between  the  conductors. 
The  area  between  the  wires  la  limited  by  the  Insulation  thickness  around  each  wire. 

Actual  tests  disclose  tl'-at  twisting  of  transmission  line  pairs  can  reduce  noise  due 
to  60  cycle  pick-up  by  significant  orCers  of  magnitude. 

A  type  of  wire  Is  available  which  offers  a  marked  Improvement  over  the  usual 
twisted  pair  of  wires  (see  Figure  2-40).  This  wire  if  actually  weaved  not  twisted, 
and  consists  of  four  wires.  The  weave  Is  arranged.so  Uct  two  Interlocking  loops 
are  produced.  To  form  a  two  conductor  cable  a  jnlr  of  wires  ai-e  connected  to¬ 
gether  at  both  ends  of  the  enable,  thus  forming  one  conductor.  The  other  pair  of 
wires  are  connected  In  the  same  way  forming  the  other  conductor.  This  means  a 
smaller  wire  size  can  be  used  In -each  conductor  with  a  greater  degree  of  liexi^ 
bllity  In  the  overall  cable.  The  electrical  advantage  Is  that  much  tighter  lc>ops  are 
formed  between  each  conductor,  and  the  weaving  process  aids  in  the  cancelling  ef¬ 
fect  of  equal  and  opposite  magnetic  fields. 


Not  much  information  is  avaliabie  on  this  wire.  However,  certain  tests  show  it  j 
to  be  several  orders  of  magnitude  better  than  the  twisted  pair  configuration  in  re-  • 
jecting  magnetic  fields.  One  manufacturer  of  this  cable  is  Magnetic  Shield  Division 
of  Perfection  Mica  Company,  Chicago,  Illinois.  The  cost  of  this  wire  is  relatively 
higli  and  Us  use  will  be  determined  by  Uie  magnitude  of  the  magnetic  fields.  ! 

2.2.4  ISOLATION 

Isolation  is  a  means  of  preventing  ground  loops  which  may  carry  noise  producing  j 
currents.  Tlie  underlying  philosophy  of  isolation  Is  to  eioctrically  isolate  the  In¬ 
strumentation  system  (AC  and  DC)  from  earth.  The  system  itself  may  be  regarded 
then  as  "floating".  Once  Isolation  of  the  system  is  achieved  then  the  system  la  j 
connected  to  earth  through  a  single  ground  wire.  All  other  external  connections 
to  tiw  system  (power,  control,  data)  should  be  made  through  an  appropriate  iso¬ 
lating  device.  The' basic  methods  of  isolation  are  described  below. 

2. 2.4.1  laolatton  Transformers 

The  transformer  Is  a  simple  means  to  provide  system  isolation  because  it  does 
not  readily  couple  energy  electrostatically  from  primary  input  to  secondary  out¬ 
put.  This  transformer  characteristic  is  Illustrated  In  Figure  2-41. 


FIGURE  2-41  f 

Isolation  by  Transformer 


Note  that  currents  resulting  from  noise  voltage  would  be  significantly  greater  were 
the  isolation  transformer  not  present  in  the  power  input  circuit.  Although  a  simple 


1  i  transformer  does  provide  isolation,  it  can  be  significantly  improved  by  the  use  of 
]  i  primary  and  secondary  shielding.  i 

Figure  2-42  sh-i.vs  how  noise  can  be  transferred  from  primary  to  secondary.  The 
I  I-  primary  noise  is  r  epresented  by  a  noise  generator  between  a  long  line  such  as  a 

I  I  power  transmission  line  and  ground.  Because  a  powf  line  can  come  from  great 

distances  it  can  bring  with  it  a  variety  of  noise  such  a  -  radio  and  television  signals, 
ignition  static  from  automobiles,  switching  arc  noises,  and  lighting.  To  keep  this 
'  noise  from  reaching  the  secondary  a  conducting  foil  shield  is  placed  between  the 
primary  winding  and  the  secondary  wlndl.^g  and  grounded,  lids  type  of  shield  is 
electrostatic  and  is  called  a  Faraday  shield.  The  shield  does  not  significantly  af¬ 
fect  the  magnetic  coupling  of  the  transformer.  The  purpose  of  the  shield  Is  to  offer 
a  lower  impedance  path  from  the  primary  to  ground  than  from  the, primary  to  Uie 
secondary  winding.  Elcctrostattcally  induced  currents  are  therefore  carried  to  '  ’ 

r  ■  ground  rather  than  through  secondary  clrouttry.  i 
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PRIMARY  SECONDARY 


HGURE  2-42 

Transfer  of  Noise  Through  Transformer  Windings 


Since  the  shield  may  not  cover  the  entire  primary  or  secondary  windings,  there  is 
a  fringing  of  electrostatic  fields  around  the  shield.  Because  of  this  fringing  effect, 
noise  qjn  still  t»  coupled  across  the  windings.  By  enclosing  the  primary  winding 
completely  in  a  shield,  as  illustrated  in  Figure  2-43,  tiie  fringing  can  be  reduced. 
This  type  of  shield  Is  called  a  bo.\  shield. 


FIGURE  2-43 

Faraday  Box  Shielded  Trar^former 

This  type  of  Faraday  shield  reduces  to  an  absolute  minimum  the  Interwindlng  ca¬ 
pacitance  from  primary  to  secondary.  Production  transformers  are  available 
vdiich  have  interwindlng  capacitance  less  than  0.005  pf  and  with  leakage  rrsistance 
in  excess  of  10,000  megoimis. 

A  double  shield  around  the  transformer  windings  effectively  increases.the  winding 
impedance  to  ground  or  nearby  shields  thereby  increasing  the  noise  rejection  ca¬ 
pabilities  of  the  transformer.  The  second  box  shield,  shown  in  Figure  2-44,  is 
called  a  guard  shield.  The  guard  shield  can  be  used  on  the  primary  or  secondary 
winding  or  both  depending  upon  the  circuit  requirements.  The  usefulness  of  a 
guard  shield  is  shown  in  Figures  2-45  and  2-46.  A  Faraday  box  shielded  trans¬ 
former,  shown  in  Figure  2-45,  uses  a  floating  rectifier  bridge  network.  The 
bridge  has  a  high  leakage  (isolation)  imped.ance  (R)  to  ground.  The  secondary  box 
shield  is  connected  to  earth  and  the  eilect  of  the  winding  to  shield  capacitance 
C2  will  be  to  shunt  Uie  high  leakage  Impedance  of  the  bridge.  The  power  supply 
will  then  become  more  susceptable  to  noise  plc.k-up  through  tliis  lower  impedance. 
By  placing  a  second  box  shield,  the  guard  shield,  inside  the  first  shield  (see 
Figure  2-46)  and  terminating  it  to  one  conductor  of  the  winding,  usually  the  center, 
tap,  the  guard  shield  will  then  take  on  the  potential  of  the  winding  thereby  return¬ 
ing  the  winding-to-shield  capacitance  back  to  the  winding  and  greatly  increasing 
the  impedance  between  shields.  Thus,  the  winding-to-earth  ground  Impedance  ap¬ 
proaches  that  of  the  leakage  Impedance  of  the  bridge  network. 
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FIGURE  2-44 

Box  Shielding  on  Pj-toary  and  Secondary  Windings 
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FIGURE  2-45 

C|  and  C2  “  Winding  to  Shield  Capacitance 
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nOURE  2-46 

Guard  Shield  Used  in  Secondary  to  Jrcrease  Isolation  Impedance 
to  Ground  in  Secondary  Circuitry 


Advantages  of  using  box  shielding  over  the  priniary  and  secondary  include,  pre- 
•'  ventlon  of  noise  from  going  in  either  direction  (from  prlicary  to  secondary’and 

vise  Versa),  and  increased  capacitance  between  shields  provides  a  lower  imped¬ 
ance  pwith  to  ground  for  noise,  and  the  guard  shield  greatly  increases  the  isolation 

impedance  of  the  windings  to  ground  as  well  as  across  the  windings. 

S , 

'  It  Is  recommended  that  Faraday  box  shielded  transformers  be  utilized  in  the  fol- 

/  lowir4  instrumentation  applications: 

1.  Instrumentation  DC  power  supplies 

2.  Signal  and  cljppper  input  transformers  In  DC  low  level  data  amplifiers 

i  3,  Primary  AC  power  ior  an  instrumentation  on  system  to  block  power  line 

noises  caused  by  motors,  relays  and  other  sources  as  mentioned  earlier 

It  may  be  adviseable  In  cases  of  extreme  noise  environments  to  shield  the  main 
^  facility  electrical  service  ti’ansformerfs).  Large  transformers  can  be  designed 
'  and  manufactured  with  electrostatic  shielding  between  windings  at  an  increase  In 
cost  of  approximately  25  percent, 

'■  Table  2-2  specifies  the  types  of  isolation  transformers  which  are  in  common  use. 

i  ,  For  more  specific  Information  concerning  the  epecificatlona  and  testing  of  trans- 
rr  .,  formers  refer  to  the  article  given  in  the  Bibliography  titled,  "Specification  and 
Testing  of  Shielded  Transformers"  by  Bernard  I.  Sommer  and  Gerald  W.  Pllce. 
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Transformer  Type 

Parameter 

Typical  Value 

Remarlts 

1.  DC  Power  Supply 

Voltage 

Prltrary  •=  113V 
Secoiuiary^  50 

to  115  V 

Frequency 

CO  or  400  CPS 

DC  Current 

100  to  450  lAA 

Rectifier  and 
Filtertype 

Puli  wave 

Guard  ^'ield? 

Recor  ended 
for  F  ating 
Powe-  Supplies 

2,  Input  and  Signal 
Line 

Sources  fc  Ijoad 
Impedance 

Source  «•  IK 

Loexi  “  1  MEC 

) 

1 

T  requency  Response 

1  KC  to  £0  IsC 

?ov;e.’  Le'^cl 

10  to  100  MV 

Maximum  Capaci¬ 
tance  betv/een 
V/indings 

O.CSpi 

' 

Common-Mode 

P,ejection 

130  db 

Magnetic  Shielding 
required? 

Usually  recom¬ 
mended  for  low 
level  signals . 

3.  Isolation,  Power 

Voltage 

115V 

Frequency 

60  cycle 

Volt  -  Amperes 

50  to  2500 

Working  Voltage 

liSV 

Maximum  Capaci¬ 
tance  Between 
Windings 

0. 1  pf 

Common-Mode 

Rejection 

130  db 

The  following  items  sho  ild  also  be  considered  In  specifyiiit;  transformers: 

Maximum  case  dimensions 
Mounting  requirements 
Environmental  Operating  condition 


TABLE  2-2 

’Types  of  Isolation  Transformers 
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2. 2.4.  2  Spatial  Isolation 

Spatial  isolation  is  defined  as  physieal  separation  of  power  equipment  (and  other 
noise  sources)  from  the  Instrumentation  system.  It  is,  in  most  Instances,  one  of 
the  simpiest  and  ieast  costly  means  of  decreasing  coupling  between  the  power  sys¬ 
tem  and  the  instrumentation  system .  Electromagiietic  and  electrostatic  coupling 
(e.  g.,  energy  radiated  from  arcs  and  corona)  decrease  rapidly  with  increases  in 
physical  separation  between  source  and  susc^table  circuit.  Most  planned  test 
facilities  have  adequate  space  avallabie  to  permit  considerable  separation  between 
power  conductors  and  data  transmission  conductors,  as  well  as  between  electrical 
power  equipment  and  data  acquisition  system  equipment.  However,  spatial  isola¬ 
tion  is  sometimes  limited  by  the  physical  dimensions  of  the  facility  where  power 
and  instrumentation  systems  must  be  installed  together  aboai-d  an  aircraft  or  in 
confined  quarters.  In  each  case,  if  the  design  agency  is  aware  of  spatial  isolation 
throughout  the  early  phases  of  planning  and  design,  maximum  separation  of  the 
electrical  power  system  and  the  data  acquisition  system  equipment  and  conductors 
can  be  achieved  with  little  Increase  in  cost. 

Providing  separate  and  independent  electrical  services  from  the  utility  power  sub¬ 
station  for  the  iKJwer  system  and  data  acquisition  system  in  a  rocket  test  facility 
should  be  considered  where  severe  transients  a.nd  disturbances  are  anticipated  on 
the  facility  power  system.  For  example,  starting  a  large  motor  on  the  facilif'. 
power  system  will  cause  a  sudden  momentary  drop  in  voltage.  A  drop  as  large 
.as  15%  can  be  tolerated  in  power  system  design  practice  but  may  cause  dri't  in 
electronic  equipment.  The  voltage  drop  caused  by  the  starting  of  a  large  motor 
can  be  decreased  but  not  eliminated  through  the  use  of  reduced-voltage  starting 
techniques.  Application  of  fast  response  voltage  regulators  in  the  electrical  sup¬ 
ply  to  the  data  acquisition  system  equipment  will  afford  a  faster  recovery  to  nor¬ 
mal  voltage  but  wili  do  little  to  lessen  the  initial  and  transient  drops.  Trahsie.its 
can  be  greatly  reduced  by  using  line  filters,  with  low  pass  characteristics. 

The  sudden  drop  in  voltage  is  caused  by  the  large  Surge  of  current  (required  by  a 
motor  at  start)  being  drawn  through  the  impedance  of  the  utility  system,  such  as 
the  main  transformer  und  bus,  circuit  breakers,  cables,  and  oLher  items  which 
make  up  tlie  facility  power -distribution  system.  Of  these  items,  the  main  trans¬ 
former  usually  constitutes  Uie  largest  suigle  impedance  in  series  with  the  motor  . 
and,  therefore,  causes  the  largest  portion  of  the  voltage  drop.  (An  exception 
migtit  occur  if  the  utility  system  were  small  or  whore  the  test  facility  Is  served 
at  the  end  of  a  long  line.)  If  the  data  acquisition  system  were  fed  directly  from 
the  utility  system  through  a  separate  transformer,  the  data  acquisition  system 
would  not  be  subject  to  that  portion  of  t».a  voltage  drop  caused  by  the  main  trans¬ 
former  and  the  facility  power  distribution  system.  The  separate  service  would 
not,  of  course,  eliminate  that  part  of  the  drop  caused  by  the  effective  utility  sys¬ 
tem  impedance. 
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A  secondary  advantage  provided  by  a  separate  service  transformer  would  be  the 
attenuation  of  cor«ducted  radio  frecfuency  noise  originating  in  the  facility  power 
system. 

Points  which  must  be  considered  in  investigating  the  desirability  of  a  separate 
service  are  the  e.xtra  cost  of  instaUatioi.,  the  higher  cost  of  eiectrical  power  if 
the  second  service  is  received  directly  from  a  commerciai  utility,  the  expected 
frequency  and  severity  of  transients  and  disturbances  generated  within  the  facility, 
and  the  degree  of  isoiation  from  vottage  drop  that  can  be  achieved,  taking  into  ac¬ 
count  the  relative  impedances  of  the  iitiiity  power  system  and  facility  main  trans¬ 
former.  Note  also  that,  while  a  measure  of  isoiation  is  provided  from  conducted, 
radio  frequency  noise  originating  within  the  test  facliity  power  system,  no  attena- 
atlon  of  conducted  noise  originating  on  the  primary  utility  system  wiit  be  provided 
by  installing  a  separate  service.  However,  high  frequency  noise  originating  on  the 
primary  utility  can  be  reduced  by  the  use  of  low  pass  line  filtering  in  the  instrumen¬ 
tation  service  lines.  • 

A  second  means  which  can  be  employed  to  provide  isolation  of  the  data  acquisition 
system  electrical  supply  from  the  facility  power  system  is  the  use  of  a  motor- 
generator  set  to  supply  the  data  acquisition  system.  Use  of  a  motor-generator  set 
will  completely  isolate  the  data  acquisition  from  conducted  radio  frequency  noise 
originating  in  the  facility  and  utility  power  systems  and  will  almost  eliminate  volt¬ 
age  drops  and  disturbances.  The  major  drawback  to  this  solution  is  the  high  first 
cost  and  the  increased  maintenance  required  by  the  rotating  equipment. 

2. 2.4. 3  Equipment  Isolation 

All  the  proper  grounding  procedures  as  discussed  earlier  is  of  little  value  if  the 
measurement  system  or  test  equipment  is  allowed  to  introduce  ground  loops  and 
extraneous  noise  into  the  measurement.  It  is  not  uncommon  to  see  a  failure  in  an 
elaborate  test  set-up  because  the  noise  level  is  greater  than  the  desired  signal 
level.  Often  it  is  found,  after  through  trouble  shooting,  that  too  many  grounds 
were  placed  In  the  measurement  circuit  and  ground  loops  were  formed  between 
test  instrument,  measurement  circuit,  and  earth  ground. 

Isolation  of  certain  parts  of  an  instrumentation  circuit  are  mandatory  to  prevent  • 
ground  loops  and  interaction  with  other  circuits.  Equipment  isolation  can  accom¬ 
plish  a  part  of  this  requirement  by  establishing  a  single  point  at  which  aii  equip¬ 
ment  cabinets  are  to  be  grounded  and  "floating"  all  -equipment  except  at  the  common 
point.  It  Is  necessary  that  all  ground  wires  connected  to  the  common  ground  point 
do  not  connect  witli  other  similar  ground  wires  at  other  points.  The  ground  wires 
will  form  a  type  of  tree  with  all  branches  steming  from  tlie-  trunk  outward  with  no 
connection  made  at  the  other  end.  The  common  ground  point  can  be  placed  in  one 
cabinet  or  bay  from  which  ail  other  cabinets  or  bay?  are  connected,  Tlie  ground 
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point  should  be  sufficiently  large  to  allow  many  wire  connections  a.nd  of  very  high  • 
conductivity  so  that  a  uniform  potential  may  be  maintained  therein.'  A  rectangular 
copper  plate  of  approximately  6  inches  x  6  Inches  x  1/2  inch  is  usually  sufficient 
lor  this  purpose.  Wires  can  be  fastened  to  the  plate  by  drilling  and  tapping  holes 
to  allow  bolting  of  wire  terminals.  In  Figure  2-38  a  'yplcal  ground  plate  is  shown 
installed  in  a  small  digital  data  acquisition  system,  in  order  that  the  ground  plate 
be  Isolated  from  ground  it  is  mounted  on  fiberglass  insulators. 

The  equipment  cabinets  may  still  be  in  contact  with  the  ground.  However,  this  can 
be  a  serious  limitation  to  the  grounding  system  design. 

Figure  2-47  shows  a  typ'cal  test  configuration. without  cabinet-to-ground  Isolation. 
The  common-mode  voltage  (noise  generators)  present  in  the  earth  will  cause  un¬ 
desired  ground  loop  currents  in  the  instrumentation  lines  because  of  the  potential 
differences  at  the  two  ground  points.  Tiis  common-mode  voltage  can  be  eliminated 
by  isolation  of  the  equipment  cabinets  from’ ground.  Isolation  can  be  accomplished 
by  non-conductive  strips  or'  sheets  of  plastic  such  as  fiberglass  impregnated  with 
epoxy  or  similar  material. 

Figure  2-48  shows  an  actual  Installation  of  an  equipment  cabinet  which  has  been 
bolted  to  a  metal  base  using  nylon  bolts  with  sheets  of  fiberglass  insulation  between 
the  cabinets  and  metal  base.  In  this  way,  all  the  eqiilpment  Is  floating  except  for 
one  intentional  earth  ground  connection  using  low  resistance  2/0  or  4/0  insulated 
copper  bus  wire  from  the  cabinet  ground  plate  to  test  area  ground  point  as  shown 
in  the  Figure  2-49'. 

This  provides  only  one  point  where  the  entire  instrumentation  system  is  grounded, 
thus  eliminating  each  common-mode  voltage  wltidn-the  system. 

The  isolation  of  equipment  cabinets  during  system  design  and  manufacturing  is 
relatively  simple  compared  to  the  Isolation  of  equipment  cabinets  in  an  existing 
facility.  Isolation  of  existing  equipment  usually  means  an  extensive  overhaul  of 
equipment  and  an  exhaustive  check  that  unwanted  ground  connections  are  eliminated 
and  correct  ground  plate  connections  are  installed. 

Metal  conduit  must  also  be- given  consideration  in  properly  isolating  a  system.  If 
instrumentation  cables  and/or  power  cables  are  connected  into  the  system  through 
metal  conduit,  precaution  must  be  taleen  to  insiire  that  no  electrical  rontact  Is 
made  between  the  conduit  and  the  equipment  cabinets,  If  a  distribution  panel  Is  pro¬ 
vided  for  power  switching  to  the  cabinets,  a  PVC  type  conduit  may  be  used  between 
the  panel  and  instrumentation  equipment.  Conduit  used  for  Instrumentation  cabling 
can  be  fastened  to  a  bulkhead  or  support  member  of  the  building  to  avoid  cablnet- 
to-qonduit  contact. 
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i  i  Cable  tra;,s  are  used  In  many  test  facilities  to  support  Instrumentation  wiring  nin- 
ning  from  test  area  to  instnjmentation  area.  Like  conduit,  cable  trays  should 
never  be  electrically  connected  to  the  instrumentation  equipment.  Cable  trays 
I  '  and  conduit  prese.nt  a  problem  to  low-level  instrumentation  because  each  one  is 
usually  well  grounded  to  earth.  Because  the  Instrumentation  cables  have  a  finite 
amount  of  leakage  Impedance  through  the  shields,  tha  closeness  of  the  cables  to 
the  conduit  and  cable  trays  tlien  provide  a  possible  .source  of  commOn-mode  volt¬ 
age  being  coupled  into  the  instrumentation.  It  Is  therefore  recommended  that 
grounding  of  the  cable  trays  and  conduit  follow  the  same  philosophy  as  grounding 
'  of  cable  shields.  That  is,  earth  ground  the  cable  tray  and  conduit  (if  possibl , hat 

i  only  one  point  so  that  the  coupling  impedance  to  the  common-mode  voltage  will  be 

as  large  as  possible. 

i  '  The  conduit  and  cable  trays  may  be  isolated  from  ground  by  a  vlpyl  covering  over 
1  the  conduit  and  by  using  non-conductive  mountings  on  the  cable  trays.  The  ground 

point  to  earth  should  be  as  near  the  test  area  (transducer)  ground  as  possible. 

I  :  2.2.5  BONDING 

L  i  Electrically  mating  (bonding)  of  metallic  surfaces  to  insure  electrical  continuity 
to  ground  of  the  non-current-carrying  portions  of  electrical  equipment  and  con¬ 
ductor  enclosures  is  one  of  the  most  important  Ingredients  of  a  good  grounding 
system  design.  Bonding  Is  also  the  most  often  abused  of  the  grounding  require¬ 
ments.  An  Improper  bonding  of  equipment  will  be  subject  to  corrosion,  and  me¬ 
chanical  stress. 

1  ^  '  .  '  '  • 
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The  purpose  of  bonding  is  primarily  one  of  safety  to  personnel.  If  all  metallic  en¬ 
closures  of  conductors  and  equipment  are  provided  with  a  low  ImjKKlarice  path  to 
ground,  si  difference  of  potential  between  the  enclosures  and  ground  cannot  be  de¬ 
veloped  due  to  an  insulation  failure  within  the  enclosure.  Conversely,  if  the  im¬ 
pedance  of  the  enclosure  to  ground  Is  high,  a  person  contacting  the  enclosure  and 
ground,  following  an  insulation  failure,  could  receive  a  lethal  sto^k, 

A  bond  may  consist  of  the  metal -to-metal  contact  between  a  length  of  metallic  con¬ 
duit  and  a  conduit  coupling,  the  metal-to-metal  contact  between  an  equipment  en¬ 
closure  and  structural  steel  or,  a  bond  rrsiy  consist  of  a  separate  jumper  wire  be¬ 
tween  enclosures  because  the  physical  conttguratlon  between  enclosures  to  be  elec¬ 
trically  joined  doeu  not  provide  an  adeqvtate  low  impedance  connection. 

The  Code  permits  the  use  of  non-metalltc  enclosures  for  ix)wer  coivluctprs  such 
as  non-metalllc  conduit  and  non-metalllc  sheathed  cable  under  certain  conditions. 
However,  general  practice  In  a  test  facility  would  be  to  use  metallic  enclosures 
over  Insulated  power  conductors  such  as  metallic  conduit,  armored  cable  or  sheet 
roeta?  wtreway,  • 

All  metallic  mating  surfaces  and  connecting  hardware  must  bo  constructed  of  gal¬ 
vanically  compatible  metals,  sec  Table  2-3.  u  more  noble  metal  is  joined 

to  a  less  noble  metal,  electro-chemical  corrosion  will  occur.  This  simple  battery 
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Corroded  eiid  (anodic,  18-8  Stainless  (active)  SUver^soWej^ 

or  least  noble)  18-8-3  Stainless  (active)  Nickei. (passive) 

^gnesium_  Lead-tin  solders  ;  Inconei  (passive) 

Ma^^l^jilioys_  Lead  Chromium-iron  (passive) 

Zinc  Tln_  18-8  Staitiless  (passive) 

^•jminum  ^  Nickel  (active)  18-8-3  Stainless  (passive) 

C^a^njum_  Inconel,  (a£tiv?jL  SilJISC- 

Alumlnuni  17ST  Brasses  Graphite 

Steel  or  Iron  Copper  Gold 

Cast  Iron  Bronzes  Platinum 

Chromium-iron  (active)  Copper-nickel  alloys  Piotected  end  (cathodic. 

NljJlesis,^  Mqnel_  or  most  noble) 

Note:  Groups  of  metals  indicate  they  are  closely  similar  in  properties. 

TABLE  2-3 

Position  of  Metals  In  the  Galvanic  Series 

cell  action  produces  a  high  corrosion  rate  on  the  less  noble  metal,  while  the  more 
noble  metal  remains  un  liarmed.  Also,  coating  of  the  noble  metal  with  its  less 
noble  counterpart  will  result  in  meclianical  weakness  as  well  as  a  high  impedance 
joint.  In  fact,  a  .recllfier  of  sorts  is  formed  creating  all  of  the  problems  relative 
to  harmonic  geneiation. 

Metallic  mating  surfaces  which  are  susceptible  to  oxidation  must  be  protected  by 
application  of  a  protective  coating  around  the  entii'e  periphery  of  the  mating  sur¬ 
faces.  The  electrical  impedance  offered  by  oxide  fUms  formed  over  an  extended 
period  of  lime  can  be  quite  significant  relative  to  overall  design  impedance  of  the 
grounding  system. 

Electrical  connections  between  metallic  mating  surfaces  must  be  implemented  In 
order  to  realize  a  rigid  and  low  impedance  contact.  Some  of  the  more  Important 
mechanical  considerations  are  as  follows; 

a.  Mall  ig  surfaces  of  metallic  members  should  be  welded  or  brazed  around 
the  entire  periphery  of  the  contacting  area  in  all  cases  where  possible  and 
practical. 

b.  ■  In  lieu  of  welded  or  brazed  connections,  bolted  sections  may  be  used. 

Bolted  sections  must  b  *  bnpiemonted  to  insure;  (1)  a  consistant  contact 
pressure  over  an  extended  period  of  time;  (2)  minlmai  crevice  area  around 
metallic  mating  surfaces;  and  (3)  a  high  resistance  to  atraosplieric  corro¬ 
sion  over  an  extended  perlod  of  Ume.  It  is  recommended  that  palnuts  bo 
used  to  inaintain  a  permanently  tight  Joint. 
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c.  Rivets  should  not  be  used  86  an  electrical  connection  on  metallic  mem¬ 
bers  subjected  to  fluctuations  la  stress  or  strain  or  minute  movements 
of  the  bond  connections. 

d.  Protective  or  non-conducting  coatings  must  be  removed  from  the  contact 
area  of  all  mating  surfaces  before  the  bond  connection  is  madet 

2.2.6  COMMON-MODE  VOLTAGE 

A  common-mode  voltage  -  a  voltage  appearing  on  each  line  of  a  two  conductor 
signal  wire  and  a  common  reference  point,  usually  the  system  ground  -  can  re¬ 
sult  from  many  sources  such  as  electrostatic  fields,  iivluctive  fields,  ground 
potentials  differences,  etc.  It  Is  important  to  note  that  a  common-mode  volt¬ 
age  Is  a  voltage  which  ap{>cars  between  each,  signal  wire  and  the  common  ground 
(see  Figure  2-50). 


Although  this  common-mode  voltage  appears  at  the  input  to  the  differential  ampli¬ 
fier,  the  amplifier  will  only  amplify  tlie  difference  voltage  between  the  two  input 
wires.  Thus,  the  output  of  the  amplifier  will  be  zero  volts  U  Vj  »  Vg.  This  Is 
cstten  not  U»e  case  since  In  some  transducers  such  as  thermocouples  Rj  and  Rg 
are  not  equal  because  of  the  wire  or  transducer  resistance  variations.  A  certain 
fraction  of  the  common-mode  voltage  is  therefore  converted  through  the  Imped¬ 
ances  in  the  signal  line  and  the  unbalance  Impedances  of  transducers  Into  a 
normal-mode  voltage.  This  conversion  Is  commonly  called  common-mode-to- 
normal-mode  conversion.  The  normal-mode  voltage  Is  the  voltage  wWch'appears 
between  toe  signal  wires  only.  A  measure  of  a  circuit  or  amplifiers  ability  to  re¬ 
ject  tola  conversion  is  called  toe  CMR  (Common  Mode  Rejection)  ratio.  The  CMR 


ratio  is  defined  as  the  ratio  of  the  common-mode  voltage  to  Uie  resultant 

converted  normal-mode  voltage 

In  high  quality  Instrumentation  differential  amplifiers  the  CMR  of  the  amplifier  in¬ 
put  circuit  is  generally  one  million  to  one  at  DC  to  60  cycles  AC.  In  most  cases, 
CMR  will  decrease  in  magnitude  as  the  frequency  of  the  common-mode  voltage  in¬ 
creases.  The  reason  for  this  la  due  to  the  impedance  of  the  coupling  which  is  in-, 
versely. proportional  to  frequency.  CMR  values  for  data  Input  systems  are  often 
less  than  one  million  to  one  by  a  factor  of  two  or  three  because  multiplexers  and 
other  input  circuitry  will  tend  to  degrade  system  performance  due  to  the  presence  of 
capacitance  in  connectors  and  switches  external  to  tlie  amplifier. 

I 

1  The  common  mode  to  normal  mode  conversion  should  he  analyzed  further  in  order 

i  that  effective  measures  may  be  taken  to  Increase  the  CMR  of  an  Instrumentation 

circuit  or  circuits.  The.  conversion  process  xaries  In  accordance  with  the  individ¬ 
ual  parameters  of  each  Instrumentation  system  such  as  line  unbalance,  length- cf 
instrumentation  cable,  type  of  shielding,  etc..  However,  the  conversion  process 
can  be  approximated  by  a  lumped  parameter  system  as  shown  in  Figure  2-51, 


FIGURE  2-51 


Common-Mode  to  Normal-Mode  Conversion  Equivalent  Circuit 

Rj  &  R2  =  lumped  line  resistances  plus  any  transducer  unbalance 
Zj  &  Z2  *  leakage  impedances  to  ground 


For  ease  of  a-nalysls.  Figure  2-51  can  be  redrawn  as  shown  in  Figure  2-52, 


HOURS  2-52 

Simplified  Common-Mode  lo  Normal-Mode  Conversion 


As  defined  earlier  the  common-mode  rejection  ratio  is  a  ratio  of  common-mode 
voltage,  to  the  resultant  normal-mode  voltage,  or 

); 
ti 


From  observation  of  this  equation  it  can  be  seen  that  the  CMR  can  be  increased  by 
making  the  denominator  approach  zero,  Zj  »  Zg  and  Rj  »  Rj.  Since  Rj  •=  R2  Is 
difficult  to  realize  in  a  real  system,  a  more  realistic  solution  would  be  to  make 
the  leakage  impedances  much  larger  tlian  Rj  and  R2,  assuming  Z|  --  Zg  ■  Z  then 
CMR  Is 


Since  Z*>(RjR2,  RjZ,  RgZ) 


Then  CMR 


Therefore  the  larger  the  leakage  Impedance  and  tlie  smaller  the  unbalance  Imped¬ 
ances  of  the  line  the  greater  will  be  the  CMR. 


The  most  practicable  method  of  obtaining  a  high  leakage  Impedance  is  the  use  of 
shielded  instrumentation  cable  which  has  a  shield  coverage  efficiency  of  100%  (see 
Figure  2-53).  A  typical  copper  braid  shield  has  a  shield  coverage  of  about  00  to 
85%.  Copper  wrap  shields  offer  a  slightly  higher  coverage  but  after  the  cable  has 
been  mechanically  distorted  this  coverage  falls  off  rapidly.  The  aluminum  foU 
type  shielded  cable  provides  the  best  shield  coverage  available  today.  100%  cov¬ 
erage  Is  .possible  with  the  foil  shields.  Care  must  bo  taken  in  buying  and  specify¬ 
ing  foil  shielded  cable  to  Insure  that  sufficient  overlap  of  the  foil  slilelds  is  given 
80  tliat  no  discontinuities  will  occur  In  the  shield  coverage.  A  50%  overlap  should 
be  specified  as  a  minimum.  Table  2-4  Illustrates  a  general  comparison  Qf  braids 
shield  cables  and  foil  shielded  cables. 
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CONDUCTOR  ; 
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FIGURE  3-53  | 

Shielded  Instrumentation  Cable 

I 

Assume  copper  braid  shield  coverage  •=  90%  | 

uhen  wire-to-shleld  capacitaice  »  Cj  >»  50  pf/FT 

and  wlre-to-ground  leakage  capacitance  »  C,  «  5  pf/FT  f 

I 

2.2.7  LINE  BALANCING  .  ,  ,  i 

As  exi:Iained  in  the  previous  section  a  normal-mode  voltage  converted  from  a 
common-mode  voltage  wiii  not  usually  be  rejected  by  an  instrument  because  It 
recognizes  the  normal-mode  voltage  as  signal  information.  Therefore,  the  con¬ 
version  of  comrUon-raode  voltage  to  normal-mode  voltage  must  be  prevented. 

This  form  of  conversion  is  a  particularly  difficult  one  to  cope  with  because  it  is  j 

common  for  unshielded  thermocouple  extension  wires  to  be  run  in  conduit  where  j 

the  capacitive  coupling  from  wire  to  conduit  is  quite  high.  The.  wire  to  conduit 
cafiacitance  lias  been  meusrred  as  follows; 

(Using  22  gage  I.C.  duplex  parallel  in  conduit)  | 

One  pair  in  1/2  inch  conduit,  each  wire  to  conduit  -  0.0015  f/100  ft. 

One  pair  to  30  pairs  in  3/4  inch  conduit,  each  wire -0.0030  f/100  ft.  | 

A  good  isolation  transformer  =  0.1  pf 

Since  each  extension  wire  has  a  different  resistance,  the  phase  shift  and  attenua¬ 
tion  in  each  wire  wili  be  different.  Therefore,  a  signal  difference  between  the  wires 
will  appear  as  an  input  signal  to  the  load  circuit  or  amplifier.  Table  2-5  gives  the 
resistance  unbalance  that  exists  between  the  extension  wires  of  most  common 
thermocouples.  j 
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AWG 

AWG 

Drain 

Wire 

Shield  % 
Coverage 

Cap. 

pf/FT 

Leakage 

Cap. 

pf/FT 

Shield 
Resistance 
ohm/1000  Ft 

Contact 
Resistance 
of  Foil 
to  Drain 

Al>imlnum 

FoU 

Shield 

22 

18 

100 

77 

Wlre- 

to- 

shield 

.008 

16 

O./ohm/FT 

Copper 

Braid 

Shield 

22 

90 

72 

Wlre- 

to- 

ehleld 

.017  pf 

6.0  8 

table  2-4 

Typical  specifications  of  Shielded 
Cables  for  Three  Conductor  Cable 


TABLE  2-5 

Thermocouple  Extension  Wire 
Reslstence  Data 

As  an  example  cpnsider  1, 000  feet  of  20-gage,  single  pair  coppcr/constantan  ex¬ 
tension  wire  run  in  1/2  inch  conduit  with  a  one  volt  RMS  common- mode  voltage; 
From  the  previous  section, 

E  -  .  -  - 

CMR  -  R-TTr  * 

^2  ^nra 

therefore 


Common- mode,  to  normal- mode  conversion  factor 


f- 

S' 

•  J  ■ 

I 


Rjss  Copper  =  10. 15  ohme/lOOO  feet 
R25*  Constantans  2$.  71  ohms/lOOO  feet 
R2  =  Ri=277 

Z  =  2^  =•  1733  X  10®  ohms  at  60  CPS 
«=  1  X  2.  8  V  peak-to-peak 

^'cm  “  .  173?^x^lO-'>  ~  4.  4  X  10  ®  V  p-p 

Now  consider  the  chromel/constantan  coupie  which  has  the  smallest  unbalance  of 
the  most  common  thermocouples.  Using  the  same  conditions  as' before 

E _ R,  -  R, 

■  nm,--  2  1 

E  Z 

cm 

Rj^=*  Chromel  >*415.  9  ohms/lOOO  feet 
R2  =  Constantan  =  287,  1  ohms/lOOO  feet 
R2- Rf  =  129  ohms  .  . 

Z  =  2^«.1733  x  10‘® 

Epjj^  =  1  X  2,  8  “=  2.  8  V  peak-to-peak 

®nm  ='"‘'T/3l^  ^  °®  ^  P"!* 

Thus,  the  smaller  the  difference  between  thermocouple  wire  resistance. the  less 
common-mode  to  normal-mode  conversion  will  occur.  One  way  of  obtaining  a 
close  balance  between  thermocouple  v/ires  is  to  use  a  smaller  gage  wire  for  the 
low  resistance  wire  (copper,  Iron,  chromel)  and  use  a  much  larger  gage  wire  for 
the  higher  resistance  wire  (constantan).  If  twisted  thermocouple  wire  is  used  the 
wire  sizes  must  be  selicted  with  care,  since  twisting  two  wires  of  considerable 
difference  in  size  Is  difficult  and  often  impractical. 

As  described  in  Para.  2.  2.  2  the  conduit  should  be  connected  to  earth  ground  at  the 
transducer  end  In  order  to  reduce  the  wire  to  conduit  capacitance.  U  the  conduit 
Is  Isolated  from  earth  except  at  the  transducer  ground  point,  the  wire  to  shield 
capacitance  can  be  greatly  reduced  making  Z  much  larger  thereby  reducing  the 
normal  code  conversion  voltage  Eg,jj. 

Balancing  lines  beyond  the  transducer  may  also  be  given  consideration.  If  differ¬ 
ential  input  decives  are  used,  balanced  lines  are  a  musU  To  demonstrate  the 
effects  of  balancing  on  a  typical  instrumentation  cable,  external  capacitors  were 
added  to  each  signal  wire  to  ground.  Each  capacitor  was  varied  until  a  minimum 
noise  signal  was  obtained  on  a  scope  with  a  differential  type  piug-ln  amplifier. 

Two  configurations  were  tested^  no  unbalance  at  transducer  end  and  with  1000 
ohms  unbalance  at  the  transducer  end.  The  tests  showed  that  no  significant 
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improvement  could  be  made  In  reducing  noise  levels  In  the  balanced  transducer 
configuration  and  that  an  improvement  ratio  of  10  to  1  was  observed  in  the  unbal¬ 
anced  transducer  configuration  when  a  balance  condition  was  approached. 


From  the  previous  section,  an  equivalent  circuit  of  a  typical  lumped  parameter 
Instrumentation  line  will  reduce  to  a  Wheatstone  bridge  type  configuration,  as 
shown  in  Figure  2-54. 


FIGURE  2-54 

Equivalent  Circuit  of  a  Lumped  Parameter  Instrumentation  Line 
The  equation  describing  this  circuit  was  given  as: 

E  ■ 
nm 


cm^Rj  +Zj  Rg+Zjy 


The  Impedance  factors), 

Z, 


11- 


and 


^2"^  ^2 


determine  the  balance  or  unbalance  of  the  line.  Thus,  since  Rj  and  Rg  represent 
the  lumped  wire  and  transducer  impedances  it  can  be  seen  that  a  careful  selection 
of  wire  sizes  will  significantly  effect  the  amount  of  balance  In  the  line.  Also,  Zj 
and  Zg  can  be  controlled  to  some  degree  by  using  low  capacitance  patch  boards, 
terminal  strips,  low  leakage  capacitance  cables,  and  very  high  Input  to  earth  Im¬ 
pedance  recording  devices  wore  possible.  If  these  two  impedance  factors  can 
be  made  equal  then,  theoretically  E^^  will  be  zero.  This  Is  almost  an  Impossible 
situation.  However,  very  small  unbalances  are  possible  in  certain  situations 
such  as  thermocouple  transducers. 


2.2.8  FILTERING 

Filtering  may  be  used  advantageously  In  IhStruracatation  systems  to  reduce  un¬ 
wanted  higher  frequency  components  from  power  or  signal  line  inputs. 

2.  2.  8. 1  Power  Line  Filtering 

Noise  can  be  coupled  into  power  lines  by  either  of  two  modes;  (1)  transformer, 
or  (2)  co.amori-raode  (capacitive).  Figure  2-55  .  ’"strates  the  two  types  of  cou¬ 
pling. 
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SYSTEM  LOAD 


A.  COMMON-MODE  COUPLING  (CAPACITIVE) 


rrn 

B.  TRANSFORMER  COUPLING 


FIGURE  2-55 

Two  Methods  of  Noise  Coupling  Into  Power  Lines 

In  Figure  2- 55  A  noise  is  coupled  capacitively  from  primary  to  secondary.  Shielding, 
as  described  previously, .  Is  used  to  diminish  this  coupling  probelm  and  reduce: 
ground  lof;p  caused  noise. 

Figure  2-55  3  shows  another  method  of  noise  energy  coupling;  magnetically  through 
the  transformer  just  as  the  power  energy  Is  coupled.  Shielding  will  not,  and  obvi¬ 


ously  should  not,  prevent  this  type  of  energy  transfer. 


Unwanted  frequencies  v/hlch  are  direct  coupled  can  result  from  power  source  noise 
developed  at  the  power  source  or  by  feedback  back  into  the  line  from  machinery, 
electrical,  or  electronic  devices  to  which  the  line  provides  operating  power.  The., 
most  effective  mear.s  for  reducing  direct  coupled  noise  is  the  employment  of  line 
filters. 

There  are  two  possible  ways  to  handle  power  line  filtering  depending  on  the  type 
and  source  of  the  noise  signaL  In  general,  it  would  be  best  to  eliminate  any  possi¬ 
ble  sources  of  noise.  Power  line  filters  should  be  used  on  all  equipment  which  In¬ 
volves  the  switching  of  inductive  loads,  rotary  machinery,  etc.  Within  the  instru¬ 
mentation  eqalnment  Itself  sources  of  noise  are  frequently  high  current  DC  power 
supplies  to  transfer  the  Impulse  created  by  switching  on  the  secondary  of  the  Input 
power  transformer  back  to  the  AC  power  line.  Also  troublesome  can  be  equipment 
such  as  typewriters,  punches,  etc. 

Power  line  filters  should  be  located  as  close  to  the  noise  generating  equipment  as 
possible.  This  equipment  should  be  designed  to  prevent  noise  from  being  genera¬ 
ted.  Filtering  may  also  be  used  on  the  Incoming  power  lines  to  the  system  to  re¬ 
duce  any  noise  remaining  after  source  line  filters  are  Installed. 

Two  types  of  filters  are  commonly  used  for  power  line  filtering;  (I)  the  T  filter 
and  the,  (2)  H  network.  The  Pi  network  Illustrated  In  Figure  2-56  provides  a 
higher  roll-off  rate  than  the  T  network;  however,  it  frequently  produces  "ringing" 
or  oscillations  when  Impressed  with  an  impulse.  The  PI  network  should  geherally. 
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be  used’where  the  noise  signal  is  rather  periodic  In  nature  such  as  interference 
from  a  radio  transmitter,  etc. 


-o 


Pi  -  KETWORK 


T  -  NETWORK 


FIGURE  2-56 
Filters 


Although  T  network,  does  not  provide  as  high  a  roll-oif  as  the  Pi  network,  it  is 
usually  sufficient  for  filtering  of  impulse  type  noise  sources,  such  as  the  power 
supplies  previously  inenticned  and  is  not  subject  to  the  oscillation  that  the  Pi 
neU'ork  frequently  exhibits. 

Each  of  the  filters  discussed  above  can  be  used  In  two  possible  configurations, 
as  illustrated  in  "igure  2-57.  In' general,  tlte  single  leg  configuration  iS'  suffi¬ 
cient  for  most  system  applications.  Where  balanced  three-phase  power  is  used, 
the  double-leg  configurations  should  be  used.  Where  filtering  Is  employed  at  Use 
source  of  the  noise  the  balanced  network  as  Illustrated  In  Figure  2-58  may  be- 
used.  However,  use  caution  in  grounding  these  filters  at  the  load  end  of  the 
power  line  since  this  could  cause  heavy  AC  power  current  to  flow  in  the  ground 
system.  The  balanced  network  is  al'ways  used  at  the  source  of  three-phase 
power  systems. 
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DOUBLE  LEG  Pi  NETWORK 


DOUBLE  LEG  T-NETWORK 
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FIGURE  2-57 
Double  I.eg  Networks 
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FIGURE  2-58 
Balanced  Network 

2. 2, 8, 2  Signal  Filtering 

Slgial  fUtorlng  n«y  be  eint  loyed  whenever  Uie  unwanted  noise  Irequancy  Is  outside 
the  frequency  band  of  the  data  of  interest.  Generally,  BlKial  filterlng  may  be  ac¬ 
complished  at  two  locations  depending  on  type  of  system  in  use.  Where  amplifiers 
arc  used  In  each  data  ch.annel,  the  filtering  can  take  place  at  the  output  of  llie 
amplifier.  This  provides  filtering  not  only  of  the  data  signal  Hsell  but  also  of  any 
high  frequency  conimon-mode  voltage  that  may  be  present  at  tile  input  of  the 
amplifier. 


In  systems  that  do  not  employ  an  amplifier  lor  each  data  channel,  such' as  systems 
using  low  level  comm'utators,  lilterbig  must  be  employed  at  the  input  of  the  com¬ 
mutators. 

Some  special  considerations  which  should  be  made  in  using  filters  with  commutated 
A/D  data  acquisition  systems  are  given  below: 


a.  Filters  placed  at  output  of  commutator  can  cau.e  rounding  off  of  the 
"PAM"  output  wavetraln  If  filtering  Is  loo  severe.  Data  noise  will  be 
filtered,  however,  data  levels  thomselyea  may  be  adversely  affected, 

b.  Filters  placed  at  the  commutator  input  may  cause  error  In  the  data  by 
Inter-acllon  between  the  filter  capacitance  and  the  commutator  Input 
capacitance.  This  error  Is  called  charge  sharing  and 'Wll  be  minimum 
Only  If  the  filter  capacitance  is  elUier  very  large  or  very  small  In  relation 
to  the  commutator  Input  capacitance,  it  is  considered  good  practice  to 
Isolate  the  commutator  from  the  filler  by  active  Isolation  circuitry.  This 
measure  win  eliminate  the  cliarge  sharing  affect, 
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c.  A  filler  which  la  connected  directly  to  the  output  of  a  transducer 
nnay  cause  adverse  loading  of  the  transducer.  Also,  the  filter 
characteristics  may  be  adversely  aifected  by  clianges  In  transducer 
Impedance.  To  avoid  these  problems  It  Is  recommended  that  active 
buffering  be  placed  between  transducer  and  filter. ‘The  transducer- 
filter  and  filter-commutator  Interactions  can  be  eliminated  by  using 
buffered  filtering,  A  buffered  filter  can  be  connected  within  a  differ¬ 
ential  amplifier  In  such  a  manner  that  neither  the  transducer  nor  the 
commutator  are  directly  connected  to  the  filter. 

2.2.0  AMPUFIERS 

There  are  two  primary  tyiws  of  InstruraenlatloiT amplifiers  used  In  data  systems, 
the  floating  slt^tle-endeU  DC  amplifier. and  the  guarded  isolated  differential  DC 
amplifier.  Other  types  of  amplifiers  used  Inlnstrumentationsystems  Include  AC 
coupled,  bridge  type  differential,  magnetic,  and  a  wide  range  of  special  purpose 
amplifiers  wMch  are  usually  related  to  a  specific  type  of  transducer  or  signal  con¬ 
ditioning  technique.  Descriptions  of  the  more  common  instrumentation  amplifiers 
and  a  jxu'tlal  summary  of  amplifier  characteristics  are  discussed  In  the  following 
paragraphs. 

The  slngle-ericied  amplifier  docs- not  provide  Input  circuit  to  output  circuit  Isola¬ 
tion.  That  Is,  tt#  "low"  signal  aide  of  the  Input  to  the  single- ended  amplifier  Is 
electrlcally'common  to  the  "low"  stgnabslde  of  the  output. 


While  the  single-ended  amplifier  Is  normally  considered  to  have  no  common- mode 
rejection  (CMft)  capability,  there  Is  a  limited  circuit  conflguratior.  which  may  pro¬ 
vide  some  degree  of  CMR  (See  Figure  2-59). 


The  load  leakage  Impedance  (Z)  completes  the  path  for  the  common- mode  current 
(lj.jjj)  which  flows  through  the  source  resistance,  line  resistance,  and  low  side  of 
the  single-ended  amplifier.  The  larger  Z  Is,  tlie  Larger  will  be  the  CMR  capabil¬ 
ities  of  the  circuit.  If  7,^  Is  very  large,  then  the  normal  mode  error  voltage 
caused  by  which  ap[.>ears  across  the  amplifier  input  Is: 


\-m 

Rg  ♦  +  Z 


tit. 


z 


The  common- mode  rejection  Is  therefore; 


CMR 


The  load  must  be  floating,  such  as  a  galvanometer,  and  the  leakage  Impedance  Z 
must  bo  very  large  to  reduce  the  error  voltage.  The  common-mode  rejection  then 
Is  actually  a  lunction  of  the  system  circuit  configuration  and  not  the  amplifier. 


The  same,  situation  exists  if  the  load  is  grounded,  and  the  leakage  impedance  2  is 
at  the  floating  signal  source,  Thetalanced  bridge  amplifier,  as  seen  in  Figure 
2-60,  depends  on  maintaining  a  balanced  input  through  the  upper  and  lower  signal 
paths  (DC  and  AC)  in  the  amplifier  for  common- mode  rejection.  Maintaining  a 


balanced  line  is  difficult  when  using  long  lines  and  variable  resistance  transducers. 


FIGURE  2-58 

Common- Mode  Rejection  with  the  Single-Ended 
Floating  Amplifier  and  Floating  Lextd 


Figure  2-61  illustrates  the  need  for  complete,  balance  in  both  legs  of  the  bridge 
amplifier.  When  balanced,  Ignu  “hd  Icm2  equal  and  the  normal-mode  volt¬ 
ages  generated  by  the  various  Impedances  balance  out.  Any  unbalance  In  Rg, 

Rj^,  Rjjj,  Rp,  or  Zj^  will  result  In.nomal- mode  voltages  due  to 

The  stability,  bandwidth,  and  gnln  of  a  high  quality  bridge  amplifier  may  be  quite 
high.  However,  noise  may  be  relatively  high  and  the  maximum  common* mode 
voltage  permitted  at  the  input  Is  considerably  lower  than  that  of  the  isolated  dif¬ 
ferential  DC  amplifier. 


FIGURE  2-60 


Balanced  Bridge  Differential  Amplifier 


FIGURE  2-61 


.  Common- Mode  Rejection  In  the  Bridge  Amplifier 
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2.2.  0. 1  Single-Ended  Amplifiers 

In  many  DC  Instnunentatlon  systems  wideband  sln^e-ended  amplUlere  are  used 
because  of  their  superior  wideband  capability  as  compared  to  the  chopper  type  DC 
amplifier  whose  maximum  practical  bandwidth  Is  10  KC.  Sinco  the  Input  grr  und 
circuit  Is  common  to  the  output  ground  circuit  In  a  single-ended  amplifier  It  does 
not  have  capabilities  for  common-mode  rejection.  When  usln^  a  slitgler ended  am¬ 
plifier,  care  must  be  taken  In  order  that  ground  loops  are  not  formed  between  In¬ 
strumentation  channels  and  between  test  etand  areas.  In  Figure  2-62  Is  shown 
two  bridge  transducer  channels  which  to  v  single-ended  wideband  amplifiers  on 
the  output  of  each  transducer.  The  das!  b  ne  Indicates  the  ground  loop  which  Is 
formed  by  Improper  tnatrumentation  detif  To  prevent  this  ground  loop,  tha  two 
channels  can  be  Supplied  with  Indlvl'Nial  s'e.  ‘  ted  DC  excitation  power  suppUes  as 
shown  In  Figure  2-63. 

If  grounded  transducers  are  being  Instrumented,  and  the  data  wlU  be  recorded  di¬ 
rectly  as  an  analog  signal  by  an  oscUlograplt  or  a  etrlp-qhart  re-corder,  tlie  use  of 
single-ended  amplifiers  could  cause  groiuid  loop  noise  caused  by  cpmmon-modo 
generators  In  two  different  areas  of  the  system  as  shown  In  Figure  2-64.  Counr  jn 
mode  voltage  is  caused  by  two  ground  connections  to  earthi  at  widely  sepe  a- 
ted  points  and  common-mode  voltage  Is  caused  by  a  temperature, gradls  t 
along  the  test  specimen  to  which  the  tliermocouples  are  bonded.  The  ground  toop 
current*  around  the  loops  are  shown  In  dashed  lines.  Actually  wtU  ’  j  a 
comblnat^  n  of  temperaturo  gradient  (thermocouples)  along  the  test  specimen,  and 
ground  loop  c.  rent  from  through  the  Impedance  separating  the  two  thermo¬ 
couples.  Figure  2-6S  shows  an  Improvement  which  can  eliminate  the  largest  of 
the  two  common-mods  voltages.  All  grounds  at  the  recorder  end  are  connected 
to  an  Isolated  copper  ground  plate.  Th'  copper  ground  plate  Is  grounded  at  the 
test  specimen  ground  through  a  large  Ihvulat'.  J  copper  ground  wire  of  slsse  number 
2/0  AWO  to  number  4/0  AWQ.  This  gro  ndi  .ig  procedure  then  removes  toe  earth 
rommon-mode  voltage  entirely  b  t.iuse  only  one  connection  to  eartli  ground 

hae  be«n  eetabllehed.  The  retmilnlng  cot  mon-mode  voltage  ®  much 

smaller  value  and  in  most  direct  recording  methods  will  not  add  significant  error 
to  the  data  measurement. 

When  greeter  data  accuracies  and  more  channels  are  desired,  the  usual  approach 
le  the  use  of  a  digital  data  acquisition  system  which  can  process  and  record  toe 
information  on  several  hundred  channels  In  rapid  sequence.  To  illustrate  toe  use 
of  single-ended  amplifiers  and  toe  grounding  procedure  of  single-ended  amplifiers 
In  such  a  system  refer  to  Figure  2-68.  Only  two  channels  of  a  digital  data  acqui¬ 
sition  system  are  shown  in  this  configuration,  The  transducers  are  bonded 
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Two  Channels  of  4  Arm  Bridge  Circuits 
Swwing  Ground  Loop  Circuit  Caused  by  Single-Ended  Amplifiers 


m-z 


FIGURE  2-63 

Two  Channel  4  Arm  Bridge  Circuits 
aitowing  Use  ol  Isolated  DC  Power  Supply  to  Prevent  Ground  Loops 


FIGURE  2-64 

Two  Channel  Thermocouple  Instrumentetlon 
Using  Single-Ended  Amplifiers  and  Blockhouse  Ground 

thermocouples  and  the  ground  bus  principle  is  adhered  to  in  order  to  eliminate  the 
eartli  common-mode  voltage.  The  thermocouples  are  connected  to  the  Inputs  of 
single-ended  amplifiers.  Each  amplifier  output  is  then  connected  to  a  three  pole 
switch.  The  swittnes  are  controlled  by  the  digital  system  wh'ch  automatically, 
selects  the  one  switch  to  be  closed  so  that  the  ciaUi  from  that  particular  channel 
may  be  processed.  It  can  be  seen  that  the  switches  which  make  up  the  commuta¬ 
tor  accomplish  the  necessary  channel  isolation  in  eliminating  any  ground  loops 
between  channels. 

Notice  that  the  Input  cable  shields  are  connected  at  the  transducer  and  are  not 
carried  through  the  amplifier  and  that  a  three  pole  switch  configuration  in  the 
commutator  provides  channel  Isolation  across  all  Instrumentation  wires. 

This  type  of  digits’  acquisition  system  is  quite  expensive  because  of  the  ampllfter 
In  each  channel  Inpu^  cable.  If  a  low-level  type  commutator  were  used  In  place  of 
the  high-level  comrauu-tor,  the  requirement  for  an  amplifier  In  each  channel  can 
be  changed  to  a  single  amplifier  for  several  ctannels.  In  a  system  with  several 
cliannels  being  sequenced  (commutated)  at  a  fast  rate  then  It  is  possible  to  utilize 
a  second  le  vel  of  commutation  In  such  a  way  that  the  data  channels  are  grouped 
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FIGURE  2-65 

Two  Channel  Thermocouple  Instrumentation  Using  Single-Ended  Amplifiers 
and  Insulated  Ground  Plate  in  the  Instrumentation  System 


i.  together  and  each  group  of  data  channels  share  a  single  amplifier  which  lowers  . 
the  cost  even  further.  A  two  channel  system  is  illustrated  In  Figure  2-67. 

When  using  single-ended  amplifiers  with  thermocouples  as  mentioned  above  It 
must  be  remembered  that  channel-to-channel  isolation  Is  required  for  proper  op¬ 
eration  In  an  uncoramutated  tape  system.  If  the  output  of  the  single-ended  ampli¬ 
fier  is  driving  a  floating  load  such  as  a  galvanometer  then  channel-to-channel 
isolation  is  accomplished.  However,  single-ended  recorders  will  short  all  chan¬ 
nel  grounds  together  If  commutation  is  not  used.  In  other  words  to  eliminate 
ground  loops  when  using  single-ended  amplifiers  some  form  of  channel-to-channel 
Isolation  must  be  used,  commuuatlon,  floating  load  or  isolation  transformers  in 
the  signal  line. 

2.  2.  9.  2  Isolated  Differential  Amplifier 

The  most  versatile  amplifier  in  Instrumentation  systems  is  the  isolated  differen¬ 
tial  amplifier.  Two  versions  of  the  Isolated  differential  amplifier  are  shown  in 
Figures  2-68  and  2-69.  Each  type  has  a  guard  shield  surrounding  the  input  sec¬ 
tion  of  the  amplifier. 
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FIGURE  2-68 

Chopper  Input  Isolated  Amplifier 
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FIGURE  2-69 

Isolated  Type  Differential  Amplifier 


Common- mode  rejection  in  the  guarded  isolated  differential  amplifier  is  dependent 
oi.  the  qualily  of  the  guard  shieid.  This  type  of  amplifier  can  stand  a  certain  amount 
of  unbalance  at  the  input  and  still  maintain  good  CMR,  The  amplifier  CMR  is  often 
specified  at  from  350  to  1000  ohms  unbalance  at  the  Input.  .  Figure  2-70  illustrates 
the  common- mode  rejection  capability  of  an  Isolated  differential  amplifier. 

The  leakage  impedances  Zj  and  Zg  may  be  internal  or  external  to  the  amplifier. 

The  difference  in  line  resistance  is  normally  negligible  when  compared  to  the 
1000  ohms  unbalance  at  the  signal  source.  Also,  since  Zj  and  Zg  are  almost 
equal,  the  common-mode  current  l^^j  and  will  each  develop  approximately 


Common-Mode  Rejection  in  the  Isolated  Differential  Amplifier 

equal  potentials  across  each  input  line  impedance,  causing  a  common- mode  volt¬ 
age  at  the  amplifier  input.  However,  the  1000  ohm  unbalance,  Rg,  will  cause  a 
further  voltage  drop  (common  mode-to- normal  mode  conversion)  In  one  line  will 
not  be  a  part  of  the  common- mode  voltage,  but  will  appear  to  be  a  normal-mode 
or  signal  voltage  to  the  amplifier.  The  normal- mode  error  voltage  due  to  the 
Common- mode  to  normal-mode  conversion  will  be  generated  primarily  it.  Ibc  line 

unbaiaiKO  R(.  and  is  due  to  I  . 

^  cm 

The  nor n..i,i- mode  voltage  at  the  input  •’f  tlie  amplifier  Is; 


The  common- mode  rejection  (CMR)  for  r  q  amplifier  is  described  ns: 


CMR  « 


For  a  more  deUlled  analysis  of  CMR  refer  to  Appendix  C. 
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At  60  ('PS  and  1000  ohms  unbalance  a  common- mode  rejection  of  IZO  db  would  re- 
^  quire  that  'Zj  by  less  than  2.  7  picofarads. 

The  guarded  input  to  the  isolation  amplifiers  must  be  gounded  properly  in  order 
“r  that  the  common-mode  rejection  of  the  amplifier  be  maintained  at  Us  maximum 

>  !  value.  Because  the  common-mode  rejection  also  applies  to  the  input  networks 

and  cables  going  to  the  amplifier,  the  common- mode  rejection  of  these  input  cir¬ 
cuits  should  be  considered  and  grounded  properly. 

•  !  .  The  common-mode  rejection  characteristics  of  the  Isolated  amplifier  will  be  only 
as  good  as  the  input  circuits.  Therefore,  the  most  important  thing  to  consider  is 
the  CO*- mon- mode  to  normal-mode  conversion  In  the  Input  circuits.  This  conver- 
j  Sion  takes  place  when  a  common- mode  voltage  Is  allowed  to  be  converted  to  a 

i  •  norntal-mode  (signal)  voltage  through  leakage  Impedances  In  the  cable  and  serves 

unbalance  resistance  in  the  Input  circuits.  The  guard  shield  of  an  isolation  ampli- 
j  ;  tier  serves  as  an  extension  of  the  Input  cable  shielding  and  should  be  connected  to 

i  '  It  as  shown  In  Figure  2-71. 


i  . 


i; 

i.i' 


FIGURE  2-71 

Guard  Shield  Connection  of  Isolated  Differentia)  Amplifier 

If  the  guard  shield  is  grounded  at  the  amplifier  input  a  potential  difference  will  be 
established  between  the  two  ground  px>tnt8  and  the  coupling  capacitance  from  wire 
to  shield  In  the  cable  will  cause  a  common- mode  to  normal- mode  conversion. 

With  the  guard  sh'eld  of  the  amplifier  connected  to  the  Input  cable  shield  and  the 
cable  shield  grounded  at  the  transducer  ground,  the  potential  dlffarence “between 
signal  wires  and  shields  will  be  minimized  thus  increasing  the  capacitive  Imped-  . 
ance  from  shield  to  sigiutl  wire.  This  effectively  increases  the  common-moae 
rejection  of  the  input  circuits  since  the  Impedance  through  which  the  coiiimon-mode 
■errorcurrent  must  flow  has  been- greatly  increased. 

The  output  guard  shield  of  the  IsoUted  amplifier  should  be  connected  to  the  output  . 
cable  .eWeld.  This  connection  provides  an  extoflslon  of  the  shielding  i.'i'  the  outtwt 
cable  to  the  output  transformer  circuit  of  the  amplifier.  The  chassis  of  the  am¬ 
plifier  should  bo  connected  to  the  system  ground  plate  for  personnel  safety., 
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Table  2-6  Is  a  sumnnai'y  oi  the  characteristics  c.'  aoovc  amplifiers. 


Common-Mode 

Rejection 

Maximum 
Number  of 
System 
Grounds 
Advisable 

Effects 
of  System 
on  CMR 

Limits  on 
Common-Mode 
Voltage 

Single-Ended 

Grounded  Output 

None 

1 

» 

1 

1 

1 

None 

Allowed 

Single -Ended 

Floating  Output 

See  Text 

1 

1 

See  Text 

High 

Balanced  Differential 

Low 

30-80  db 

2 

High 

Low 

5-15  Volts 

Isolated  and  Grounded 
Differential 

High 

100-180  db 

2 

Low 

High 

200-300  Volts 

TABLE  2-6 

Amplifier  Summary  Chart 


2.  2.  9.  3  Amplifier  Specif ic.itlons 

There  Is  a  lack  of  uaUormlty  in  amplifier  specifications  a.nioag  the  different  man¬ 
ufacturers.  Therefore,  methods  of  testing  will  vary  and  often  the  published  speci¬ 
fications  will  not  mention  limiting  factors, concerning  performance.  Frequently, 
the  only  way  an  engineer  can  be  sure  the  amplifier  he  has  selected  will  perform 
to  requirements  Is  to  personally  evaluate  the  amplifier.  Usually  the  choice  of  an 
amplifier  will  be  a  compromise  of  features  (including  price)  relative  to  the  sys¬ 
tem  requirements.. 

The  amplifier  specifications  considered  relative  to  the  scope  of  this  handbook  are 
noise  and  common- mode  rejection  characteristics. 

2.  2,  9,3. 1  Noise 

There  are  several  tyiies.of  noise  Inherent  in  all  electronic  equipment  which  limit 
the  minimum  signal  levels  tliat  may  be  amplified.  These  Include  thermal  noise, 
shot  noise,  and  characteristic  noise  of  tubes  and  transistors.  These  noise  sources 
are  considered  Independently  and  are  usually  given  as  a  collective  value  for  a 
given  amplifier.  The  noise  Is  considered  random  or  '‘white"  noise  and  the  peak- 
to-peak  amplitude  will  vary  as  a  gausslan  (normal)  distribution.  The  noise  Is 
quite  often  specified  as  IRMS  and  when  measured  as  such  must  be  measured  with 
a  power  (watts)  measuring  instrument  and  not  a  peak  reading  RMS  meter.  How¬ 
ever,  In  data  systems  the  measurement  accuracy  will  reflect  the  peak  noise  level 
In  many  cases.  Since  the  noise  Is  of  a  gausslan  nature,  the  peak  amplitude  of  the 
noise  will  randomly  exceed  several  times  the  RMS  noise  value.  iVhere  noise  Is  given 
asanRMSvabte,  the  peak  noise  amplitude  lO  volts-  to-peakvolts)wlllbele88tlianlour 
times  the, RMSamplltude,  99.99  +  <>01  the  time.  The  peak  noise  amplitude  will  seldom 
exceed  10  times  the  RMS  magnitude. 
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Derinlttons  of  the  tostc  noise  types  are  given  below. 

a.  Johnson  Noise 

Johnson  noise  Is  the  white  noise  voltage  generated  in  a  conductor  due  to 
thermal  actton  upon  free  electrons  within  the  conductor.  The  magnitude 
of  noise  relative  to  temperature,  bandwtdth  of  the  measurement,  and  con¬ 
ductor  resistance  is: 

(E  nolse)^  (RMS)  *  4  K  T  R  B 
where 

K  •  Boltzmanns  Constant  or  1.374. 10'^^  jcuies  per  °K 
T  •  Absolute  temperature  in  degrees  Kelvin 
B  •  The  frequency  bandwidth  under  consideration 
R  •  Real  or  resistive  component  of  conductor. 

This  is  part  of  the  reason  for  the  htgher  noise  factor  in  amplifiers  such  as  the  bal¬ 
anced  bridge  type  which  have  large  reslstan.ces  at  the  Input  stage. 

b.  Shot  Noise 

Shot  noise  Is  t!ie  product  of  random  variations  in  current  flow  throrgh  any 
diode  junction.  The  relationship  I'or  shot  noise  relative  to  the  diodi  cur¬ 
rent  ts; 

Onolse)^  (RMS).2eI  B 
where 


noise 

e 

I 

B 


The  RMS  value  of  noise  current 


-19 

•  Coulomb  change  on  an  electron  or  1. 6. 10  coulombs 

•  Diode  current  in  AMPS 

I 

•  Frequency  bandjvidth  under  consideration 


As  with  Johnson  noise  the  magnitude  of  Shot  noise  Is  directly  proportional  to  the 
frequency  bandwidth  Involved. 

Electron  tubes  are  subject  to  shot  noise  as  well  as  several  other  notse  typeu 
unique  to  vamum  tubes  and  related  to  the  physical  configuration  of  the  cathode, 
grids  and  also  residual  gasses.  Tube  noise  is  often  defined  In  relation  to  an 
equivalent  tube  resistance  with  respect  to  the  formula  for  Johnson  noise.  The 
jBqulyaljent  resistance  of  a  tube  Is  part  of  the  function  of  tube  transcoraluctance  and 
the  type  of  tube  (l.e. ,  trlode,  pentode,  etc.),  Tlie.refore,  tube  noise  can  be  an¬ 
alyzed  as  shot  and  Johnson  noise  and  Is  directly  proportional  to  bandwidth. 
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In  addition  to  Johnson  and  shot  noise,  transistors  exhibit  an  additionai  noise  which 
is  inverseiy  proportionai  to  frequency.  TTiis  noise,  often  designated  as  1/f 


(1/frequency)  noise  is  therefore  predominant  at  iow  frequencies  and  the  magnitude 
of  1/f  noise  will  vary,  with  different  types  of  transistors.  Figure  2-72  outlines  the 
characteristic  noise  figure  of  transistors. 


FIGURK  2-72 
Transistor  Noise 


The  iow  bj  point  may  be  as  iow  as  a  few  hundred  cycies  in  iow  noise  circuitry. 
The  higli  break  point  is  a  function  of  the  aipha  cut-off  frequency  of  the  transistor. 

Another  source  of  iow  ievei  amplifier  noise  is  mechanical  chopper  noise  and 
chopper  intermodulation.  Choppers  iocated  at  the  input  of  an  amplifier  and  any 
noise  generated  will  be  ampiifiud  by  the  amplifier.  The  following  three  items  are 
sources  of  chopper  noise. 

a.  Electrostatic  noise  is  the  result  of  capacitive  coupling  between  the  coil 
drive  terminals  and  the  contact  terminals. 

b.  Magnetic  noise  is  due  to  stray  magnetic  flux  In  tiie  drive  coll  (or  other  fiux 
soux'ces  such  as  transformers,  solenoids,  etc.)  which  are  magnetically 
coupled  into  the  signal  leads. 

c.  Thermal  noise  and  drift  is  the  product  of  bi-metai  junctions  as  seen  in  a 
thermocouple.  The  chopper  drive  coll  wUi  produce  a  certain  amount  of 
heat  which,  unless  dissipated,  generates  temperature  gradients  across  sig- 

■  nai  leads  and  thus  generates  unbalanced  thei  wocoupie  junctions. 
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Chopper  Intermodulation  Is  the  result  of  the  chopper  frequency  beating  with  AC  in¬ 
put  signals  v/hich  are  harmonically  related  to  the  chopper  frequency.  This  is  ob¬ 
served  In  some  chopper  stabilized  amplifiers.  In  addition,  poor  filtering  in  a 
chopper  stabilized  amplifier  may  result  In  the  chopper  frequency  or  related  har¬ 
monics  feeding  through  to  the  output  of  the  amplifier. 

Noise  magnitude  will  vary  with  the  amplifier  bandwidth  and  where  necessary  it 
should  be  verified  that  any  noise  figures  are  the  worst  case  and  not  a  "tsrpical" 
value  for  a  given  bandwidth.  Noise  specified  may  be  referred  to  eltlier  the  input 
or  output.  When  using  high  gain  amplifiers  the  nolee  referred  to  the  input  (RTI) 
will  probably  be  the  worst  case  as  ihe  r.r.^iltude  of  the  noise  Is  the  RTI  noise 
figure  multiplied  by  the  s  mplifler  gain. 

A  straightforward  method  of  measuring  noise  Is  to  load  the  Input  with  a  typical  ' 
source  resistance  which  Is  completely  shielded  and  read  the  noise  at  the  output 
terminals,  either  with  an  energy  measuring  RMS  meter  or  a  wideband  oscilloscope. 
The  measured  noise  will  vary  with  gain  and  bandwidth,  therefore  the  amplifier 
should  be  evaluated  at  all  anticipated  gain  and  bandwidth  (where  gain  and/or  band¬ 
width  is  variable)  settings.  Tlie  amplifier  noise  related  to  system  noise  will  de¬ 
pend  upon  the  type  of  load  of  the  amplifier.  An  additional  check  Is  to  perform  the 
noise  lest  with  the  actual  load  or  with  a  filter  liavlng  the  same  Impedances  (induc¬ 
tive,  capacitive,  and  resistive)  as  the  Intended  load, 

2.  2.9,  3.  2  Common-Mode  Rejection  In  Amplifiers 

The  su'^  Ject  of  CMR  has  been  extensively  covered  in  Section  2.2.6  and  In  the 
descriptions  of  the  more  common  Instrumentation  amplifiers.  Additional  common- 
mode  Inform.. ‘.ion  is  found  In  the  Appendix,.  Amplifier  specifications  with  respe'.t 
to  common-mode  voltages  will  ba  discussed  below. 

a,  CMR  in  Single-Ended  Amplifiers,  -  Where  this  is  specified,  the  limiting 
factors  should  be  fully  stated  as  the  conditions  will  limit  system  flexibility. 

b.  CMR  as  a  Functio.n  of  Gain.  -  At  low  gains  the  amplifier  may  not  meet  the 
desired  system  requirements. 

c.  CMR  In  Low  Pass  Filter  Amplifiers.  -  The’bandwldth  of  an  amplifier  will 
affect  the  AC  CMR  capability  and  tl.as  CMR  should  be  given  at  all  frequen¬ 
cies  up  to  the  highest  signal  baiidwldth.  The  ability  of  the  amplifier  to 
filter  out  common-mode  voltages  such  as  60  CPS  will  effectively  raise  the 
CMR  capability  -  a  feature  which  should  be  considered  if  a  specific  AC  fre¬ 
quency  is  causing  trouble  and  a  narrow  amplifier  bandwidth  is  acceptable. 

d,  AC  CMR  ^jeciflcatioiis.  -  Amplifier  CMR  is  usually  specified  at  DC  and 

60  CPS.  Where  other  common-mode  frequencies,  such  as  400  CPS  are  an¬ 
ticipated,  the  CMR  should  be  found  for  the  specific  frequency.  Some  am¬ 
plifier  CMR  values  will  remain  essentially  flat  to  more  than  1000  CPS  while 
CMR  In  other  arapjlfiers  will  drop  off  at  a  rate  of  20  db  per  octave  or  more. 
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e.  CMR  Voltage  Limitations.  -  Many  araplUiers  are  limited  to  common-mode 
voltage  Trom  7-1/2  to  20  V  t)C  or  peak-tO-peal;  AC.  This  may  limit  the  use 
of  some  signal  conditioning  equipment,  such  as  grounded  and  common  strain 
gage  rK)’ver  supplies,  as  well  as  reoulre  lower  system  cnminon-movde  voltages, 
voltages. 

f.  CMR  at  a  ^eclfled  Line  Unbalance.-  -  Most  amplifiers  are  rated  at  from 
350  ohjns  to  1000  ohms  source  impedance  or  source  unbalance  to  demon  ¬ 
strate  CMR  with  a  specified  source  unbalance. 

2.2.10  ANALOG  SIGNAL  CONDITIONING 

The  transducers  employed  to  measure  p.iysical  parameters,  such  as  temperature, 
pressure,  vibration,  and  flow,  do  riot  ordinarily  produce  clectrlcai  signals  exactly 
suitable  to  tlie  requirements  of  tlie  next  stage  of  the  data  processing  system. 
Consequently,  signal  conditioning  equipment  Is  used  to  amplify,  attenuate,  isolate, 
match  impedance.  Or  whatever  Is  necessary  to  "condition''  the  transducer  output 
signal  for  the  processing  system. 

Some  of  the  techniques  recommended,  to  condition  analog  signals  prior  to  analog-to- 
dlgltai  conVersloi)  aial  recording  are  outlined  In  the  following  paragraphs, 

2.2.10.1  Temperature 

Two  methods  are  commonly  employed  to  measure  temperature.  One  method  uses 
thermocouples  and  the  other  uses  a  resistance-temperature  probe  or  resistance- 
temperature  bridge. 

Since  thermocouples  must  be  referenced  to  a  controlled  temperature,  such  as 
150  F,  a  reference  Junction  Is  necessary.  This  junction  may  be  located  In  a 
muUlple-junctlon  reference  oven. 

Reference  junctions  are  constructed  so  that  each  circuit  and  Its  shield  Is  earned 
seiiarately  through  the  junction.  Each  channel  signal  and  Its  shield  Is  carried 
separately  through  the  system  and  terminates  as  shown  at  the  isolating  amplifier. 

The  output  shield  and  circuit  Is  coimected  to  ground  at  the  readout  instrument  only. 

Calibration  of  thermocouple  channels  Is  accomplished  by  means  of  a  voltage  from  a 
precision  voltage  divider  which  operates  from  a  precision  regulated  voltage  source. 

The  second  method  of  temperature  measurement  uses  a  four-arm  bridge-type  . 
resistance-temperature  transducer.  The  clrculti'y  for  this  type.of  transducer  Is 
discussed  In  the  next  section, 

2.  2. 10.  2  ■  Wheatsione-Drldge  Type  Transducers  ■ 

Transducers  for  measuring  such  parameters  as,  strain,  load,  pressure,  and  temp- 
eralure,  may  all  fall  Into  the  general  classification  of  Wheatstone-Brldge  or  fOur- 
arm. bridge  transducers.  Typical  four-arm  bridge  circuits  are  shown  In  Figures 
2-74  and  2-75, 
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FIGURE  2-73 
rtnocouple  System 
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Where  a  commcii  excitation  power  supply  Is  u'sed,  it  is  necessary  to  isolate  the 
output  of  each  bridge  from  any  other  by  use  of  an  Isolation  annplifler.  This  type 
of  amplifier  manifests  high  common-mode  rejection  and  rather  harrow  bandjxiss 
characteristics.  However,  the  input  circuit  Is  completely  isolated  fi-om  the 
output  circuit  of  the  amplifier.  If  a  single-ended  amplifier  Is  used  Instead  of 
a  differential  amplifier,  one  resistor  in  all  of  the  bridges  Involved  would  be  in 
parallel,  as  indicated  by  the  doited  line  on  Figure  2-76. 


FIGURE  2-76 

4-Arm  Bridge  Circuit  Showing  Short  Circuit  Caused 
By  Use  Of  Non-Isolating  Amplifiers 

Where  high-frequency  response  Is  required,  such  as  may  be  obtained  wltli  Strain 
and  pressure  transducers,  the  problem  of  Isolating  each  bridge  can  be  solved  by 
using  Individual  excitation  power  supplies.  The  circuitry  of  this  type  of  supply 
is  completely  isolated  from  ground  as  Is  the  bridge  itself;  therefore,  a  single- 
ended  amplifier  with  wide  bandpass  characteristics  may  be  used  without  Intro¬ 
ducing  any  grounding  or  cross-conitecllng  problems. 

Calibration  of  bridge  circuits  may  be  accomplished  by  the  R-Cal  or  shunt  cali¬ 
bration  method  or.  If  desired,  by  use  of  a  known,  selectable,  substHuted. 
calibration  voltage.  The  R-Cal  method  Is  shown  In  Figure  2*77.  Thecal ibrat Ion 
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voltage  method  Is  similar  to  that  described  for  the  thermocouple  system.  Both 
methods  are  equally  accurate.  The  choice  of  which  to  use  depends  upon  any  sec¬ 
ondary  lequirements  of  the  clrculti'y*  Wltere  one-  or  two-arm  bridge  transducers 
are  used,  brldge-complcdon  resistors  can  be  mounted  on  printed  circuit  cards  in 
the  brldge-completicn  module.  ’  '  j 

balance:  range 


FIGURE  2-7f 

Typical  Four-Arm  Bridge  Circuit  Showing  Balance  and 
Calibration  Methods 


2.2.10.3  Vibration,  Shock,  and  Acoustical  Measurements 

In  general,  vibration  and  shock  may  be  measured  by  accelerometers  or  velocity 
pickups.  Accelerometers  are  usually  piezbeiectric-type  transducers.  For  low 
frequencies,  strain  gage  accelerometers  may  be  used.  Accelerometers,  mounted 
on  a  shock  table,  may  be  used  to  measure  shock.  Figure  2-78  shows  a  typical-ac¬ 
celerometer  circuit. 

Acoustical  pickups  fall  under  the  same  general  classification  as  accelerometers. 

A  filgh  sound-intensity  microphone,  such  as  the  Altec  21BR  condenser  microphone, 
may  be  used.  '  . 

The  output  Impedance  of  accelerometers  is  normally  quite  high,  requiring  that  a 
line-driving  amplifier  be  mounted  near  the  transdiicer.  An  amplifier  is  usuaity  re¬ 
quired  that  will  drive  long,  low-capacity  transmission  ilnes  at  no. appreciable  loss 
with  a  frequency  response  of  0.4  CPS  to  100  KC.  All  accelerometers  and  ampli¬ 
fiers  should  be  Isolated  from  ground  to  prevent  groUnd-ioop,  noise. 
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FIGURE  2-78 

AcouKticn'  Pjrkup  or  /. ic-.Ieromtter  System 


Accekration  nine  tv-  recorded  on  analog  ni.tgiie'ic  *.ipe  or  monitored  on  an 

oscilloscope.  A  Hi'ghes  Aiemoscope  is  very  useful  In  recording  shock  tests.  The 
Mi  noscope  will  trace  one  sweep  on  a  C.RT  screen  and  hold  the  trace  until  nianu- 
ah.  ciased.  The  scope  trace  could  be  photographed  for  future  reference. 

A  high-speed  recording  liclllc?'’' i  h  ina;,  ..Ul  t?  jed  to  i  joorJ  aecc!e’‘a'ion 
signals. 

2.2.  II*. '1  Flow  and  RPM  Measurements 

Liquid  flow  through  r>ip''c  •>nd  rotational  speeds  are  most  commonly  measured  in 
terms  of  number  of  p..l'  es  per  unit  time. . 

7’here  arc  .sev'- tyj  of  *'  rbln'-‘ypp  flow  meters  and  RPM  transducers  which 
protiuce  a  t-iTua  o.  pulses  such  thati  for  ea'-'u  revol  .Ion,  a  certain  number  <’/ 
pulse.s  vill  b  •  formed.  Each  transducer  'ns  a  known  convei  sioji  factor  so  that  for 
any  measured  fr  ,'^llf  itcy  output  from  the  tran.sducer  the  flow  rate  or  IlPAl  can  be 
dclerntlnod. 


These  pulses  may  be  converted  liUo  use/ul  Infonnu.‘''ii  by  a  number  of  methods. 
One  of  these  is  an  Inteprutor.  The  pulse  train  la  converted  into  a  proportional  DC 
voltage.  This  voltage  can  then  be  measured  directly  or  converted  to  an  oquivulent 
digital  value  from  which  the  equivalent  flow  r.ate  or  BPM  can  be  determined, 

A  second  method  counts  the  pulses  in  a  digital  counter  and  samples  the  count  at 
known  time  intervals.  The  ii.tegratton  function  is  then  carried  out  by  a  computer. 

Figure  2-79  shows  a  general  flow  or  RPM  system. 

To  eliminate  problems  in  transmission  of  flow  cieter  sig'ials  over  long  lines,  a 
pulse  shaper  with  isolation  circuitry  is  recommended. 


FIGURE  2-79 
Flow  or  RPM  System 
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3.  RECOMMENDED  SYSTEM  DESIGN  PRACTICES 

The  overall  system  design  philosophy  which  Is  recommended  for  a  low  noise, 
high  accuracy  Instrumentation  data  acquisition  system  may  be  outlined  as 
follows  (see  Figure  i-33): 

ai  Provide  power  Isolation  transformers  to  data  system 
equipment. 

b.  Isolate  data  system  equipment  caDlnets  from  earth. 

c.  Provide  a  single-earth  ground  point  at  the  test  stand 
area  for,  all  Instrumentation  systems. 

d.  Groilnd  data  Input  Instrumentation  cable  shields  at 
test  area  ground. 

e.  The  data  system  must  have  an  Isolated  common  ground 
bus  or  copper  plate  Inside  data  system. 

f.  Provide  maximum  separation  between  Instru mentation 
system  and  AC  power  equipment,  .sucii  as  generators, 
pump  motors,  etc. 

A  more  specific  coverage  of  the  above  outline  Is  included  In  this  section. 

3.1  TEST  SITE  SELECTION 

Good  grounding  and  noise  reduction  should  be  among  those  considerations 
which  arc  made  in  the  selection  of  a  rocket  engine  or  component  test  site. 

Once  a  locality  which  Is  remote  from  dense  population  has  been  selected  .as  the 
site  area,  the  primary  factors  which  govern  the  facility  plan  wUl  most  likely 
be  personnel  safety,  convenient  placement  of  test  stands  with  respect  to  data 
recording  area,  and  use  of  terrain  as  a  construction  aide  (as  in  the  case  of 
vertical  static  firing  structures). 

Good  grounding  practices  are  sufficiently  flexible  to  be  adapted  to  practically 
any  test  site  selected.  The  considerations  which  must  be  made  to  Insure 
sound  grounding  In  a  new  test  site  are  described  below: 

3.1.1  PRIMARY  POWER 

The  location  of  primary  power  lines  form  a  major  role  In  data  accuracy  and 
must  be  Installed  as  follows: 
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a.  Primary  powor  lines  must  be  located  a  m'nlmum  of  1/2  mile 
from  the  nearest  test  equipment. 

b.  All  data  transmission  line  runs  must  be  oriented  perpendi¬ 
cularly  to  tlie  main  power  line  run.  • 

c.  Feeder  power  to  the  facility  may  be  run  perpeiidlcular  to 

^  the  main  power  Upas  and  lapoff  Isolation  transformers  are 
recommended. 

3.1.2  EARTH  GROUND 

Soli  conductivity  varies  from  one  geographical  area  to  another.  The  significance 
of  soil  conductivity  Is  more  In  its  relation  to  facility  power  than  to  an  Insti’u- 
mentatlon  system  itself.  If  good  soli  conductivity  exists  along  the  path  of  prim¬ 
ary  power  lines  adjacent  to  a  test  facURy,  then  ground  currents  originating 
from  the  pov'er  lines  wUl  be  confined  to  an  area  close  to  tlie  line  path.  Poor 
soli  conductivity  causes  a  wider  spread  of  power  ground  current  and  Is  tliei  e- 
fore  more  .ipt  to  cause  Interference  with  adjacent  test  facility  circuits.  It  I's 
recommended  that  underirround  copper  or  Iron  be  used  along  primary  power 
lines  to  trap  ground  currents,  thereby  reducing  their  effects  on  Instrumentation 
data  gatliering.  The  single  earth  ground  point  Is  tlie  proper  procedure  for  In¬ 
strumentation  grounding. 

For  personnel  safety,  poor  earth  conductivity  nwy  be  cause  for  Installation  of 
a  counterpoise  system.  The  counterpoise  Is  a  grid  work  or  mesh  usually  of 
metal  underlying  the  entire  facility  area,  ft  Is  Intended  to  "short"  any  earth 
currents  and. insure  a  reasonably  low  difference  of  potential  between  all  earth 
grounding  points  in  the  facility.  The  "equlpotentlal"  capabilities  of  counterpoises 
are  not  sufficient  to  be  taken  advantage  of  In  Instrumentation  system  grounding. 

The  instrumentation  sYBtem  must  have  its  own  Independent  grounding. 

3.2  POWER 

The  power  system  design  for  a  te.st  facility  Can  be  accomplished  In  many  different 
ways  within  the  framework  of  electrical  codes  and  modern  design  practices. 

Some  of  these  practices  may  contribute  to  data  acquisition  system  noise,  soma 
may  attenuate  noise,  and  some  may  have  no  effect.  The  following  recommended, 
practices  were  chosen  because  they  either  attenuate  or  do  not  actively  contribute 
to'the  noise  sources  which  are  Inherent  fn  the  power  system.  Eliminating  all 
power  syrtem  noise  from  the  data  acquisition  system  can  probably  be  accomplished 
only  by  eliminating  aU  power  equipment  and  wiring  from  the  area,  an-lmpractfcal 
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solution  at  the  present  time.  Careful  design  of  the  powet  system  will  result__in 
inlnlmum  noise  contribution  to  the  data  acquisition  system. 

3.2.1  CODES 

The  electrical  power  system  tauat  be  deslRned  and  Installed  In  accordance  with 
the  National  Electrical  Code  unless  a  loeal  code  takes  precedence.  The  electri¬ 
cal  codes  specify  minimum  requirements  which  must  be  met  In  order  to  safe¬ 
guard  personnel  and  property.  Most  electrical  codes  have  been  based  on  exper¬ 
ience  with  general  Industrial,  commercial,  and  residential  Installations  and 
there  maybe  cases  where  a  literal  Interpretation  of  the  code  would  have  a  detri¬ 
mental  affect  on  the  data  acquisition  system. 

Any  deviations  from  the  code  should  be  carefully  considered  from  the  standpoint 
of  personnel  safety  before  a  variance  Is  requested  from  the  authority  enforcing 
the  code.  There  must  be  no  compromise  with  safety  In  tlie  design  of  the  electri¬ 
cal  power  system. 

3.2.2  EARTH  GROUND  CONNECTION 

The  power  system  earth  connection  a.s  required  by  the  Code  will  have  little  affect 
on  data  acquisition  system  noise.  The  Code  requires  that: 

a.  A  metallic  underground  water  piping  system  always  be  . 
used  as  a  grounding  electrode  where  available. 

b.  The  connection  to  earth  present  a  maximum  resistance 
to  earth  of  25  ohms. 

c.  Where  a  suitable  piping  system  Is  not  available  or  lias  a 
resistance  of  greater  than  25  ohms,  additional  electrodes, 
such  as  ground  rods,  must  be  Installed. 

Beccuae  of  UiC  size  of  electrical  service  and  accessibility  of  utilization  equip¬ 
ment  In  the  typical  test  facility,  it  is  recommended  tJiat  other  electrodes  be  In- 
stallLd  In  addition  to  tlie  underground  water  piping  system.  An  earth  connection 
of  loss  than  5  ohms  resistance  under  the  dryest  got!  conditions  should  be  the 
design  goal.  ■ 

The  earth  connection  should  be  designed  so  that  future  Inspection,  resistance 
checks,  and  e;q)anslon  can  be  made.  The  following  procedures  should  be 
considered  for  earth  connections: 

a.  Connections  between  cables  and  ground  electrodes  should 
be  accessible  for  Inspection  by  Installing  a  tile  or  meter 
box  with  removable  cover,  flush  with  grade  level;  around 
the  top  12  to  18  Inches  of  the  ground  rod.. 


b.  Connectjona  to  ground  electrodes  should  be  bolted  rather 
than  Welded  to  facilitate  future  ground  resistance  checks. 

A  typical  Installation  Is  shown  In  Figure  .1-1.  The  actual  design  of  tlie  earth 
connection  scheme,  Including  Initial  calculation  of  ground  resistance,  tiT®  and 
placement  of  ground  electrodes,  chemical  treatment  of  the  soil  Where  Indicated 
and  ground  resistance  measurements  of  the  completed  system  Is  well  docu- 
menicd  In  available  literature  (see  the  Bibliography), 

3.2.3  POWER  SYSTEM  GROUND 

Whether  or  not  t]:e  power  system  must  be  grounded  at  various  voltage  levels  Is 
well  defined  In  the  Code.  Within  a  test  facility,  the  only  common  voltage  level 
which  may  not  require  a  connection  to  ground  Is  480  V.  If  lighting  fixtures  are 
supplied  directly  from  the  480  V  system,  then  the  system  neutral  must  be 
grounded.  Otherwise  tlie  460  V  system  may  be  grounded  or  isolated  from  ground 
at  the  option  of  the  design  engineer. 

The  choice  should  be  considered  based  upon  the  effect  on  data  acquisition  system 
noise.  Of  primary  Importance  Is  a  sep;;rate  ground  system  for  power  and  jrstru- 
mentatlori  and  tlie  possibility  of  large  unbalanced  power  currents  being  returned 
to  earth.  The  advantages  and  disadvantages  of  grounding  are  thorougiily  dls- 
cussed  In  available  iitcniture. 


3.2.4  EQUIPMENT  GROUNDING 

The  Code  requires  Uiat  all  exposed  non-current  carrying  metallic  parts  of 
equipment  and  conductor  enclosures  be  provided  with  a  low  resistance  path  to 
ground.  The  separate  pieces  which  make  up  a  complete  conductor  enclosure 
(suc-h  as  lengths  of  metallin  conduit)  and  separate  metallic  equipment  enclosures 
must  be  bonded,  either  by  adequate  metal- to- metal  contact  between  Uie  pieces 
themselves,  or  by  separate  bOnr.lng  jumpers  where  required,  to  form  the  low 
resistance  path.  Other  means,  such  as  connecting  an  equipment  enclosure  to 
grounded  structural  metal,  are  acceptable. 

Surrounding  all  runs  of  power  conductors  with  a  gi’ounded  metallic  enclosure 
offers  the  additional  advantage  of  electrostatic  shleldln g  In  a  test  facility.  Care¬ 
ful  bonding  and  gixiundtng  of  conductor  enclosures  will  provide  electrostatic 
shielding  of  the  power  conductors  from  data  acquisition  system  signal  conductors. 

3.2.5  WIRING,  CONDUCTOR  ENCLOSURES 

Enclosures  around  Insulated  power  conductors  are  required  In  most  environ¬ 
ments  by  the  Code  to  furnish  mechanical  protection  for  tJie  conductors.  Con¬ 
ductor  enclosures  can  be  generally  divided  into  two  groups:  metallic  and  non-' 
metallic. 
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REMOVABLE  CLAMP  •f'*. 
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WATER  FILL  HOLES 


1  '  ■  ■  ■ 
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FIGURE  3-1 

Ground  Rod  Installation  To  Permit 
Inspectioni  Testing,  aiid  t^Iaintenance  . 


The  enclosure  may  bean  Integral  part  ot  Uie  power  conductor  assembly,  as  hr 
the  case  of  three- c^>nductor  armored  cable,  or  the  enclosure- may  be  separately 
Installed  with  the  conductors  Installed  in  a  separate  operation,  as  typified  by 
conductors  In  conduit  or  wireway. 

In  a  test  facility,  metallic  conductor  enclosures  should  be  used  for  power  conduct¬ 
ors  wherever  possible  for  the  shielding  which  they  provide.  Use  non-metalllc 
rigid  conduit  and  non-metalllc  cable  trays,  to  minimize  capacitance  of  the  con¬ 
ductors  to  ground  and  to  provide  equipment  to  earth  ground  Isolation  for  the 
instrumentation  system. 

Some  of  the  commonly  used  conductor  enclosures  which  are  suitable  for  use  in  a 
typical  test  facility  aret  , 

a.  Conduit  -  Conduit  may  be  metallic  or  non-metalllc,  rigid 
(heavy-wall)  or  electrical  metallic  tubing  (thln-wall)  and 

Is  available  In  such  :jTaterials  as  steel,  aluminum,  copper, 

PVC  plastic  (polyvinyl-chloride),  asbestos  cement,  fiber, 
soapstone,  and  vitrified  clay.  From  the  standpoint  of  noise 
attenuation^  rigid  steel  conduit  is  the  most  effective  enclosure 
for  power  conductor  and  this  should  be  used  wherever  practi¬ 
cal  throughout  the  test  facility.  Use  of  electrical  metallic 
tubing  or  rigid  aluminum  or  copper  conduit  will  provide  as 
effective  an  electrostatic  shield  as  rigid  steel  but  the  electro - 
inagnetic  shielding  properties  of  the  steel  conduit  are  at  least 
an  order-of- magnitude  better  than  those  of  aluminum  or 
copper.  ■  ,  . 

b.  Flexible  Conduit  -  The  Code  allows  the  general  use  of 
flexible  metallic  conduit  as  a  conductor  enclosure  In  some 
applications.  Because  of  Us  construction,  flexible  conduit 
is  a  poorer  electrostatic  shield  than  any  of  the  solid  metallic 
conduits  and  provides  considerably  less  electromagnetic 
shielding  than  rigid  steel  conduit.  It  is  recommended  tliat 
flexible  conduit  not  be  used  as  a  general  conductor  enclosure 
In  a  test  facility  and  tliat  its  use  be  restricted  to  short  lengths 
where  required  to  absorb  vibration  or  to  permit  position  ad¬ 
justment  of  the  device  served.  . 

Wireway  -  A  wireway  consists  of  a  rectangular  sheet  metal  duct¬ 
like  enclosure  with  a  hinged  or  removable  cover.  Expanded  or 
whole  sheet  metal  may  be  used.  Wlreways  are  sometimes  used 
where  a  number  of  power  circuits  are  to  be  carried  Ihrou^j  an  ■ 
area.  They  are  especially  useful  where  numerous  taps  are  to 
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be  made  along  the  length  of  the  run.  A  wlreway  Is  consider¬ 
ably  less  effective  In  the  attenuation  of  radiated  noise  than 
rigid  conduit.  Its  use  is  not  recommended  in  cloae  proximity 
to  data  acquisition  system  equipment  and  signal  conductors. 

d.  Armored  Cable  -  Armored  Cable  is  an  assembly  of  insulated 
power  conductors  (usually  three)  twisted  together  and  covered 
with  an  over-all  metallic  Jacket  or  armor.  It  Is  used  In  lieu 
of  conduit  and  conductors  In  larger  conductor  sizes  and  Is 
often  Install  "^d  In  continuous  rigid  cable  supports  (cable  tray). 

The  armor  may  be  steel,  aluminum,  or  bronze.  The  armor 
acts  as  an  electrostatic  shield  but  is  not  as  effective  as  rigid 
steel  conduit  in  attenuating  electromagnetic  fields.  Rigid 
steel  conduit  will  provide  considerably  more  attenuation  of 
power  system  noise  In  areas  occupied  by  data  acquisition 
system  equlpmc.’it  and  signal  conductors. 

3.2.6  WIRING,  CONDUCTORS 

Power  system  Insulated  conductors  for  600  V  and  less  wll.’  generally  be  of  two  , 
types  except  under  unusual  or  severe  environmental  conditions.  The  two  types 
differ  only  In  insulating  material,  one  being  atliermoplastlc,  tlie  other  rubber. 
There  Is  nothing  to  recommend  one  over  the  other  from  a  noise  standpoint. 

Above  000  V,  there  are  two  common  insulation  levels,  5000  V  and  15,000  V  and 
Insulation  is  usually  rubber  or  cross-linked  polyethylene.  At  these  voltage 
levels,  the  conductor  Is  usually  provided  with  an  electrostatic  shield  in  the  form 
of  a  copper  Lipe  over  the  outside  of  the  Insulation.  (At  5000  V  the  shield  is 
optional.)  The  primary  purpose  of  the  shield  Is  to  assure  uniform  voltage  stress 
throughout  the  insulation  and,  when  properly  grounded,  to  prevent  the  build-up 
of  hazardous  potentials  at  the  insulation  surface.  The  shield  also  effectively  con¬ 
tains  the  electrostatic  field  and  prevents  the  formation  of  corona.  In  a  test 
facility,  shielded  cable  should  be  specified  at  the'5000  and  15,000  V  levels. 

Where  power  conductors  are  to  be  run  outdoors  and  It  is  Impractical  to  Inscall 
them  undergi'ound  for  voltages  up  to  15,000  V,  pre-assenibled  aerial  cable  should 
be  used  in  preference  to  open  wiring.  Pre-assembled  aerial  cable  consists  of 
three  Insulated,  twisted  conductors  fastened  to  a  messenger  cable  by  means  of  a 
copper  binding  strip.  The  electromagnetic  field  produced  by  this  assembly  Is 
much  less  than  Uiat  produced  by  open  conductors. 

Bus  duct,  which  is  an  assembly  of  buses  insulated  from  one-another  and  provided 
with  a  sheet  metal  enclosure,  is  sometimes  more  economical  than  insulated  power 
cables  in  conduit  where  large  currents  must  be  handled.  Although  the  sheet  metal 
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enclosilte  provides  an  electrostotlc  shield,  the  bus  conductors  are  relatively  far 
apart  and  cannot  readily  be  twisted,  resulting  In  a  relatively  strong  eiectroniag- 
retlc  field.  The  Installation  of  bus  duct  In  rooms  containing  data  acquisition 
system  equipment  and  conductors  should  be  avoided. 

3,2.7  WnilNG,  INSTALLATION 

There  are  two  practices  which  should  be  followed  In  the  Installation  of  power  con¬ 
ductors  at  a  test  facility: 


a.  Maintain  the  maximum  practical  separation  between  electrical 
power  conductors  and  physically  parallel  data  acquisition  system 
conductors.  As  power  conductor  voltage  and  current  and  the  length  of  , 
run  over  which  the  conductors  are  parallel  Increase,  the  importance  of 
separation  Increases. 

b.  Twist  power  conductors  or  use  multi-conductor  power  cables  for  all 
circuits  in  Uie  vicinity  of  data  acquisition  ecjulpment  and  signal  conduc¬ 
tors.  It  Is  recommended  that  all  power  conductors  In  the  test  facility 
carrying  more  tton  5  AMP  be  twisted.  However  it  Is  also  i  good'  prac¬ 
tice  to  twist  all  AC  power  lines  regardless  of  the  current.  A  suggested 
rate  of  twist  Is  one  complete  twist  for  each  length  equal  to  approximately 
25  times  the  diameter  of  the  Insulated  power  conductor. 

3.2.8  POWER  TRANSFORMERS 

All  electrical  power  system  three  phase  transformers  used  In  the  test  facility. 
Including  the  main  electrical  service  transforivierls)  should  have  at  Iciist  one  of 
their  windings  connected  In  delta  tq  provide  a  path  for  trlplens.  Failure  to  pro¬ 
vide  a  delta  winding  will  result  in  relatively  large  values  of  trlplen  voltages  or 
currents  in  pow'er  coiiductors  and  the  effects  of  electrostatic  and  electromagne¬ 
tic  coupling  Increase  with  frequency. 

3.2.9  ROTATING  EQUIPMENT 

Rotating  equipment  can  be  a  source  of  radio  frequency  noise.  This  can  be  mini¬ 
mized  by  the  following  practices: 


a.  Use  squirrel  cage  induction  motors  which  utilize  slip  rings  or  commuta¬ 
tors  wherever  possible.  • 

b.  ■  V/here  necessary  to  specify  motors  with  commutators,  specify  units 

properly  designed  electrically  to  minimize  arcing  at  the  commutator. 

For  example,  Inclusion  of  Interpoles  In  a  DC  machine  increases  commu- ' 
tatlon  efficiency  and  reduces  arcing. 

c.  Arcing  at  the  commutator  or  slip  rings  can  be  decreased  by  careful  mech¬ 

anical  design  cuch  as  adequately  sized  shaft  and  bearings  to  maintain  con¬ 
centricity  between  commutator  Or  slip  rings  and  bearing  to  minimize 
brush  bounce  and  vibration,  . 


3.2.10  POWER  EQUIPMENT  LOCATION 

Electrical  power  equipment  such- as  transformers,  line  voltage  regulators,  motors, 
generators,  and  switching  devices  should  be  separated  no  less  than  250  feet  from 
data  acquisition  system  equipment  and  conductors.  Much  of  the  electrlcU  power 
distribution  and  control  equipment  is  frequently  placed  In  a  separate  equipment 
room  and  the  architectural  arrangement  of  the  test  facility  should  allow  this  ntlnl- 
mum  distance  between  this  room  and  the  data  acquisition  system.  This  also  applies 
to  heating,  ventilating,  and  air  conditioning  equipment  which  utilizes  electric 
motors  find  control  switching  devices.  The  maximum  distance  will  be  llmUed  by 
the  voltage  drop  which  can  be  tolerated  in  feeders. to  the  data  acquisition  system 
equlprnent.  This  must  be  considered  in  initial  planning  and 'niay  result  in  a  com¬ 
promise. 

3.2.11  LIGHTING 

Electric  discliarge  fixtures  are  sources  of  radio  frequency  noise.  In  some  areas 
which  do  not  require  high  intensity  illumination,  such  as  Aita  transmission  line 
tunnels  or  corridors  and  termination  areas,  incandescent  lighting*  should  be 
used.  In  other  areas  such  as  the  operating  roonis  of  the  data  acquisition  center, 
fluorescent  fixtures  must  be  used  in  Order  to  obtain  higher  Intensity  and  a  better 
quality  of  Illumination. 

If  the  data  acquisition  system  Is  sensitive  to  radio  frequency  noise,  the  noise  can 
be  reduced  to  a  tolerable  level  by  specifying  radio  frequency  shielded  and  filtered 
fluorescent  fixtures.  Fluorescent  fixtures  are  available  which  nteet  military 
specifications  MIL-I-I69I0A,  MIL-I-2660.0, 

3.  .3  GROUNDING  (ANALOG  AND  DIGITAL! 

The  methods  of  performing  analog  and  digital  grounding  are  given  separate  consid¬ 
eration  in  this  handbook  although  the  physical  principles  of  noise  reduction  for 
both  are  basically  the  same. 

3,3.1  ANALOG  SIGNAL  GROUNDING 

The  objectives  in  designing  an  instrumentation  analog  system  grouiKi  are  as 
follows: 

a.  To  remove  common-mode  voltages  as  much  as  possible 

b.  To  keep  digital  grounds  separated  from  analog  grounds. 

If  single-ended  amplifiers  are  used  between  transducers  and  recording  devices, 
it  is  recommended  that  either  the  transducer  or  the  recording  device  be  left 

’Incandescent  lamps  can  be  sources  of  current  transients  due  to  sudden  changes 
in  filament  resistance  as  lamps  are  turned  on. 


diucoiinected  to  boUi  system  and  earth  ground.  Figure  3-2  illustrates  the  grounded 
recorder  with  an  ungrounded  transducer  conflgur.ation.  By  Isolating  the  transducer, . 
only  a  small  amount  of  CMV  error  current  will  flow  through  the  low  side  of  the 
signal  line  because  of  the  high  isolation  impedance  Z^. 

Similarly,  in  the  other  situation  where  tiie  transducer  is  grounded,  the  recorder 
is  isolated  from  ground  througlt  the  high  Impedance  Zg,  illustrated  In  Figure  3-3. 
Thus,  CMV  error  will  be  miulini*ed  because  the  CMV  error  current  niust  flow 
through  Z2  which  should  be  several  hundred  megohms  In  magnitude. 

The  circuit  of  Figure  3-4,  with  botli  transducer  and  recorder  grounded  is  not  recom 
mended  becuase  of  the  closed  loop  path  ABCD  with  CMV  applied  through  the  ampli¬ 
fier  low  side  signal  line.  Even  if  line  A-B  is  a  heavy  ground  bus,  some  CMV  may 
exist  due  to  magnetic  noise  coupling  into  tlie  loop  ABCD  from  adjacent  power  or 
high  current  AC  equipment.  The  larger  the  loop  area  the  more  susceptible  will  be 
the  circuit  to  magnetic  noise  coupling. 


Therefore,  it  is  recommended  when  single-ended  amplifiers  are  used,  that  either 
the  transducer  Or  recorder  be  left  ungrounded. 

The  ground  bus-,  If  properly  used,  is  intended  to  reference  the  test  transducer 
area  and  the  recording  to  the  same  potential  lii  order  to  provide  a  single  path  to 
earth  ground  for  the  system  grounding.  By  earth  grounding  the  ground  bus  at  only 
one  point,  the  earth  common- mode  potential  Is  no  longer  part  of  the  system.  The 
only  common- mode  voltage  then  present  In  th'e  system  will  be  that  which  is  capac-^ 
Itively  or  inductively  coupled  from  outside  circuits,  ,  ;  ,  •; 

separation  of  analog  and  digital  grounds  is  mandatory  since  digital  signals  can  cause  . 
extremely  high  noise  content  in  analog  measurements.  Figure  3-5  illustrates  a 
typical  problem  encountered  when  analog  and  digital  grounds  are  not  separated. 


FiGimr;  3-1 

Isolated  Recorder-Grounded  Transducer 


Separation  of  the  analog  and  digital  paths  Is  necessary  In  order  to  avoid  Interfer¬ 
ence  from  digital  circuits  to  aialog  signals  along  the  path  A-B.  Isolation  can 
be  accomplished  by  the  basic  method  shown  In  Figure  3-6,  Note  tlut  the  digital 
and  analog  circuits  have  no  paths  In  common.  It  Is  also  shown  that  Isolation  may 
not  be  this  simple  in  all  cases  and  that  the  use  of  isolation  transformers  for  dig¬ 
ital  signals  may  be  necessary. 


NOT  RECOMMENDED 
FIGURE  3-5 

Common  Analog  and  Digital  Ground  Returns 
3.3.2  DIGITAL  GROUNDS 

The  excellence  of  a  digital  grounding  system  or  ground  "plane"  becomes  more 
recognizable  as  the  frequency  or  speed  of  the  digital  logic  Incrt'ases. 

Digital  systems  (now  mostly  solid  state)  can  generate  large  quantities  of  pulse 
current  due  to  quantities  of  circuits  carrying  simultaneous  signals  such  as  clock 
pulses.  Magnetic  flux  changes  d/dt  are  proportional  and  can  csiuse  adverse  pick¬ 
up  effects  on  ad'acent  wires.  The  best  method  of  avoiding- magnetic  interference 
If  to  Insure  that  each  signal  wire  and  lead  Is  as  close  as  possible  to  the  digital 
ground  to  avoid  susceptible  "area  loops",  -A  ground  "plane"  Is  reco.himended 
since  It  Is  available  at  all  areas  of  the  system  and  is  therefore  convenient  for 
adjacent  placement  of  most  lead  lengths.  Such  a  ground  plane  is. described  In 
Section  2.2. 1.2.3. 

Pair  twisting  can  also  elimiiiate  botli  coupling  and  receiving  of  magnetically  radi¬ 
ated  noise.  This  technique  Is  effective,  but  may  be  costly  and  impractical  If  a 
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1  great  quantity  of  digital  cabling  is  involved  because  it  means  Including  one  grc  und 

*  *  return  for  each  digital  signal  wire. 

,,  Capacltlvely  (electrostatically)  coupled  digital  noise  Is  not  ordinarily  the  problem 
I  j  as  is  magnetically  coupled  noise.  Electrostatic  shielding  (copper  braid)  is  thej  e- 

*  ‘  fore  not  required  In  most  digital  applications.  In  fact,  shielding  may  often  lea 

detriment  since  It  increases  the  digital  slgnal'to-groind  capacitance  and  may  there- 
i  j  by  load  tlie  signal  source  to  a  degree  that  rise  (Imcs  are  too  slow  to  perform  their 
ij*  intended  function.  • 


.  .  FIGURE  3-6 

!|  Isolation  of  Analog  and  Digital  Ground  Returns 

i  j  Except  at  One  Point 
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4. 


instrumentation  system 


1.1  Ihe  previous  secllon  noise  sources  and  noise  r^uctlon  were  considered  in  detail 
with  relation  lo  an  overall  daia  sysiem.  It  is  also  imporlanl  to  consider  eacli 
major  subsystem  and  11s  noise  suBceptitUity  and  noise  conlributlori  lo  the  overall 
system  such  as;  signal  conditioning  equipmeni,  how  the  various  signal  condlllonlng 
cquipmen*  la  used,  and  proper  Installation  lo  reduce  noise  and  ground  loops. 
Amplillera  are  considered  on  the  basis  of  common  ampliliers  in  use,  types  of 
amplifier  (single-ended  or  differential),  and  errors  and  noise  Introduced  Into  Ihe 
Inslrumentatlon  sysiem  by  the  amplifier.  In  add'iion,  the  Instrumentation  and 
Data  Acquisition  equipment  (e.g.  oscillographs,  iape  rec9iders,  «  .c.)  are  con¬ 
sidered  ill  regard  to  the  proper  grounding  of  these  systems  to  improve  over-all 
system  accuracy  and  eliminate  system  susceptibilliy  lo  ground  loops  and  r.oise. 
Olher  topics  In  this  secllon  include;  transducer  errors  and  grounding  lechnlques; 
low  frequency  data  transmission  lines;  Isolaiion  of  equipment  cabinet  and  power 
from  tlie  inslrumentatlon,  etc,;  prqper  grounding  and  implcmentatioi.  of  equip¬ 
ment  cabinet  grounding  when  one  or  seveial  cabinets  are  a  pari  of  iht  data 
systen;;  connection  to  ihe  common  ground  plane  in  regards  '■>  load  g;  equiptneni 
grounding,  and  tesl  area  instrumentation  grounding  and  ground  bus  lechnlques  of 
daia  sysiem  connection  lo  a  single  ground  point  at  the  test  area. 

4.1  TRANSDUCERS 

The  iransducer  is  the  link  beiween  the  physical  parameter  (pressure,  tempera¬ 
ture,  etc.)  of  interest  and  the  desired  electrical  signal  which  corresponds  to  the 
physical  parameter.  The  choice  of  the  type  of  transducer  for  a  given  application 
will  depend  on  many  factors.  These  Include:  enviromueni,  parameter  to  be 
measured,  accuracy,  signal  conditioning  equipment  and  oOlput  signal  desired,  ■ 
etc.  Table  4-1  references  many  of  the  physical  parameiers,  and  the  types  of 
transducers  which  are  used  in  instrumentation  systems. 

A  further  distinciiOn  in  transducers  can  be  made  if  the  unit  is  of  the  self- 
generating  or  passive  type.  Figure  4-V  lllustraies  these  two  calcgorles.  This 
difference  Is  more  apparent  In  Figure  4-2  which  shows  two  Simplified  transducer 
configurations  for  measuring  temperature.  Each  type  of  system  has  its  advan-  ' 
tages  and  limiiaiions,  both  in  the  types  of  transducer  units  available  and  In  the 
type  and  complexity  of  ihe  signal  condiUoning  equipment. 

Included  In  this  section  is  a  discussion  of  the  transducer  amplifier  which  is, 
becoming  more  popular  in  ail  instrumentation  systems  as  a  source  of  high  level 
low  Impedance  data  signals. 

A  brief  descrlpiton  of  common  transducers  in  use  today  and  will  be  discussed  In 
terms  of  their, output  signal  level  and.  source  Impedance  In  the  following 
paragraphs. 


PHYSICAL  PARAMETER 

TRANSDUCER  TYPE 

SELF 

GENERATING 

PASSIVE 

MAGNETO  ELECTRIC 

PHOTOELECTRIC 

PIEZOELECTRIC 

THERMOELECTRIC 

CAPACITIVE 

INDUCTIVE  \ 

RESISTIVE 

Acceleration 

0 

0 

0 

0 

Displacement 

0 

. 

0 

0 

0 

d 

D 

Flosv 

0 

0 

0 

0 

n 

Force 

0 

0 

D 

Moisture 

. 

0 

S 

.  Level 

0 

0 

0 

D 

Light 

0 

0 

0 

Mass 

0 

0 

0 

Pressure 

0 

0 

0 

0 

0 

0 

Temperature 

0 

0 

D 

Thlckr.ess 

0 

0 

0 

0 

Velocity 

0 

0 

0 

0 

0 

0 

Viscosity 

0 

0 

0 

_ 

TABLE  4-1 

Transducer  Application 
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THEkMOCOUPLE 

REFERENCE 

JUNCTION 


FIGURE  4-1 

Self  Generating  Transducer  System 
4. 1.  1  TRANSDUCER  SUMMARY 

Electromagnetic  self-generating  transducers  utilize  the  electrical  energy  genera¬ 
ted  when  an  electrical  conductor  cuts  through  a  magnetic  field.  Examples  of  this 
type  of  transducer  are  the  tachometer  generator,  the  rotating  magnet  flowmeter 
pulse  generator,  and.  the  coil  and.  magnet  linear  velocity  vibration  pickup.  Source 
Impedances  v/ill  range  from  a  few  hundred  ohms  to  a  few  thousand  ohms  and  out¬ 
put  signal  levels  vary  from  millivolts  to  volts  full-scale. 

Photoelectric  transducers,  such  as  the  phototube  and  the  phcto  voltic  cell,  are 
used  to  measure  light  spectrum  and/or  Intensity.  Though  considered  self- 
generating,  these  units  are  commonly  used  with  special  electronic  amplifiers  and 
the  output  characteristics  would  be  that  of  the  related  amplifier  to  the  system  ap^ 
plication.  Photosensitive  transducers  or  sensors  are  considered  in  the  passive 
resistance  section. 

Piezoelectric  transducers  are  widely  used  for  high  frequency  vibration  and  tran¬ 
sient  measurements.  The  piezoelectric  crystal  possesses  a  high  source  impedance 
and  high  output  Because  of  the  source, high  impedance  special  signal  conditioning 
equipment  such  as  the  chr.nge  amplifier  or  special  emltte)  (cathode)  follower  am¬ 
plifiers  are  required  and  the  output  impedance  and  signal  level  will  reflect  the 
type  of  amplifier  involved.  The  signal  frequency  will  range  from  near  DC  to  fre¬ 
quencies  in  excess-of  5000  CPS, 

Thermoelectric  transducers  consist  primarily  of  t.hermocouple  devices  and  are 
one  of  the  most  widely  used  sensing  units.  Signal  outputs  range  from  20  to  75  MV 
full  scale  depending  on  the  type  of  thermocouple.  The  source  impedance  will 
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FIGURE  4-2 

Passive  Transducer  System 

nominally  be  less  than  100  ohms  unless  quite  long  runs  of  high  resistance  ther¬ 
mocouple  lead  wires  are  used. 

Capacitive  transducers' are  usually  used  In  conjunction  with  special  RF  or  AC 
carrier  systems.  Ine  output  signal  may  take  the  form  of  an  FM  signal  or  DC 
voltage,  depending  upon  the  type  of  signal  conditioning  used.  The  source  Imped¬ 
ance  and  sigial  level  will  be  that  of  the  required  signal  conditioning  equipment. 

Inductive  transducers,  like  capacitive  transducers,  require  special  signal  con¬ 
ditioning  equipment  and  signal  characteristics  will  be  that  of  the  related  output 
device. 

Resistive  transducers  are  among  the  most  versatile  and  consist  of  many  varieties 
of  resistive  sensors.  These  include  strain  gage,  potentiometer,  temperature 
sensitive  resistors,  thermistors,  photo  resistive  cells,  etc.  These  units  are 
often  used  in  a  Wheatstone  bridge  configuration  or  as  a  direct  signal  source  such 
as  the  potentiometer  or  temperatme  sensitive  resistor  when  provided  with  an  ex¬ 
citation  source..  As  the  type  of  transducers  are  many,  the  output  level  and  source 
Impedance  of  resistive  transducers  Is  quite  varied.  Strain  gages  most  commonly 
have  source  impedances  of  120  and  350  ohms  and  outputs  of  20  to  40  MV  full  scale 
depending  on  the  amplitude  of  the  excitation  voltage  or  current.  Semi-conductor 
strain  gages  will  produce  up  to  250  MV  or  more  with  the  same  level  of  excitation 
as  the  20  to  40  MV  full  scale  conventional  gage. 


Potentiometer  transducers  nominaliy  have  source  impedances  from  1000  to 
10,  000  ohms  and  an  output  full  scale  signal  of  10  or  more  volts  depending  oh  the 
excitation  source.  Other  resistance  type  transducer  signal  levels  and  source 
Impedances  may  range  anywhere  between  the  values  for  strain  gage  and  potenti¬ 
ometer  transducers.  Resistive  transducers  may  use  common  or  Isolated  power 
supplies  and  may  or  may  not -be  grounded.  A  wide  range  of  signal  conditioning 
equipment  Is  available  for  this  type  of  sensor. 

4.1.2  TRANSDUCER  ERRORS 

Electrical  errors  such  as  those  created  by  common  mode  voltages,  noise,  and 
other  electrical  Interference,  have  been  extensively  discussed  in  Section  2.  There 
Is  an  additional  source  of  error  la  measurements  related  to  the  transducer  which 
is  involved  when  overall  system  accuracy  is  considered.  These  arc  equipment, 
installation,  and  dyaamic  response  errors. 

Equipment  errors  are  related  directly  to  the  transducer  and  associated  signal 
conditioning  equipment,  and  are  a  function  of  linearity,  hysteresis,  stability, 
calibration,  and  environment.  Transducer  data  sheets  published  by  the  manu¬ 
facturer  will  provide  information  on  some  oflhe  above  claracteristlcs. 

Equipment  errors  can  be  summarized  as  follows; 

a.  Linearity  and  hysteresis  are  functions  of  the  physical  characteristics  of 
transducers.  A  complete  transducer  calibration  and  calibration  curve.s 
wiii  aliow  for  data  correction  techniques  such  as  scaling,  linearizing, 
offset  correction,  etc.  by  the  data  system 

b.  Instability  such  as  zero  and  range  drift  add  significant  error  to  transducer 

output.  Specification  of  stability  should  be  carefully  considered  in  relation 
to  system  reliability  and  accuracy  ' 

c.  En”ironmental  susceptibility  will  cause  considerable  error  In  transducers. 
Whenever  a  transducer  Is  to  be  used  for  a  critical  measurement,  an  evalu- 
aUon  of  the  transducer  must  Include  tests  at  the  expected  environment  and 
a  complete  calibration  and  characteristic  curve  be  obtained. 

Installat  ion  errors  of  transducers  reflect  the  variation  between  the  actual  physical 
parameters  under  test  and  what  the  transducer  actually  measures.  Installation 
errors  ti.n  be  minimized  by; 

a.  Selection  of  correct  location  for  each  transducer.  Typical  examples  Include 
location  of  vibration  sensitive  transducer  on  a  test  Item  being  subjected  to 

a  vibration  test.  The  test  item  may  have  nodes  of  minimum  vibration  at 
which  che  transducer  may  be  placed 

b.  Maintaining  close  liaison  between  test  engineer  and  Instrumentation  engineer 
in  order  to  obtain  maximum  usefuiiness  of  each  transducer. 


Transducer  loading  errors  are  changes  Introduced  Into  a  systeitt  by  the  trans¬ 
ducer  Interfering  with  the  normal  operation  or  characteristics  of  the  system. 
Typical  transducer  loading  errors  are: 

a.  Flowmeters  or  temperature  probes  located  In  transfer  lines 

b.  Large  mass  transducers  In  vibration  tests 

c.  Heat  conductive  thermocouple  leads  in  high  accuracy  temperature  measure¬ 
ments. 

A  reduction  of  transducer  loading  errors  can  be  realized  by  one  or  a  combination 
of  the  following  Items: 

a.  Locate  all  flowmeters  and  temperature  probes  In  continuous  lines  and  points 
where  turbulence  or  mixing  of  fluids,  gases,  etc.  are  not  present 

b.  Use  minimum  mass  transducers  on  test  Items  in  a  vibration  test 

c.  Provide  minimum  dlssip.^^on  transducer  elements  In  high  accuracy  tem¬ 
perature  measurements. 

Dynamic  response  errors  are  the  results  of  the  limited  frequency  response  of  a 
given  transducer  with  respect  to  the  physical  porr.meter  under  test."  Typical 
response  errors  are: 

a.  AC  coupled  transducers  will  not  respond  to  a  static  offset  and  would  not  be 
used  In  applications  which  measure  slowly  ranging  functions 

b.  Thermocouples  welded  to  a  test  specimen  will  have  a  much  faster  response 
time  (thermal  time  constant)  than  thermocouples  encapsulated  in  a  test 

,  probe  . 

c.  All  transducers  contain  sprae  characteristic  (thermal,  electrical  or  mech¬ 
anical)  which  will  limit  the  Instrument's  frequency  response  and  show 

up  as  phase,  amplitude,  or  waveshape  distortion  of  the  output  SlgnaL 

To  obtain  data  concsrnlng  dynamic  performance  of  a  particular  transducer  the 
dynamic  performa-.ice  of  the  instrument  should  be  tested.  The  test  method  may 
ccnslst  of; 

a.  Simulating  the  specific  physical  parameter  to  be  measured 

b.  Aipllcatlon  of  a  st  "  function  will  provide  Information  related  to  the  trans¬ 
ducer  response  to  rapia  parameter  changes. 

4.1.3  TRANSDUCER  CAUBRATION  ■ 

4. 1.  3.  1  Direct  Calibration 

Direct  calibration  Involves  subjecting  the  transducer  to  the  actual  physical  param¬ 
eter  under  test  such  as  temperature  or  pressure.  This  method; 
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a.  Is,  only  as  accurate  as  the  calibration  source 

b.  Requires  elaborate  calibration  equipment 

c.  Utflicult  to  perform  with  many  types  of  dynamic  transducers 


d.  Provides  overall  system  check. 

Inaccessible  transducers  or  parameters  which  are  difficult  to  duplicate  limit  the 
possibility  of  direct  calibration. 

4. 1.  3.  2  Simulated  Calibration 

The  simulated  calibration  of  transducers  depend  to  a  large  extent  on  calibration 
curves  or  known  parameters  such  as  tabulated  thermocouple  voltage  >3utpuU  Sim¬ 
ulated  calibration  includes; 

a.  Voltage  substitution  for  thermocouples 

b;  Resistance  substitution  for  resistance  type  transducers 

c.  Shunt  Calibration  of  drain  ga-..  }  bridges,  etc. 

In  this  type  of  calibration  the  transducer  is  a  part  of  the  test  circuit  and  an  overal' 
"end-to-end"  data  system  check  is  possible.  The  biggest  advantage  to  the  simu¬ 
lated  calibration  is  that  it  may  be  automated  and  completed  in  a  matter  of  minutes 
prior  to  operation  while  a  direct  calibration  may  involve  many  hours. 

Transducer  calibration  should  reflect  the  expected  operating  range  of  the  units. 

Typical  operating  ranges  are  from  60  to  85%  of  the  full  scale  transducer  range. 

The  range  of  the  transducer  should  be  selected  relative  to  the  magnitude  of  the 
physical  parameter  involved. 

A  change  in  the  type  of  transducer  or  method  of  obtaining  the  desired  measure-  ■ 

ment  will  often  improve  the  accuracy  cf  the  desired  data  such  as:  .  { 

a.  Small  temperature  changes  are  best  measured  with  a  thermistor  type  unit  ■ 

b.  Large  temperature  variation  measurements  are  improved  by  using  a  resist¬ 
ance  temperature  unit  or  Uiermocouple 

c.  Differential  transducers  are  used  where  small  gi-adlent  changes  are  to  be 

measured.  '  ■ 

4.1.4  TRANSDUCER  SHIELDING  AND  GROUNDING  | 

The  shielding  and  grounding  techniques  used  for  transducers  may  have  significant 
effect  upon  the  noise  it  introduces  into  the  data  measurement.  The  following  i 

methods  are_recommended  to  eliminate  or  greatly  reduce  tli is  noise.  ■  .  fe 


a,  GroundeO  Transducers 

t.  Insui'e  solid  earth  ground  connection 

2.  Ih-ovlde  a  single  common  ground  reference  point  for  all  grounded  trans¬ 
ducer  In  each  test  area.  See  Figure  4-3* 

3.  Connect  Instrumentation  cable  shield  of  each  data  channel  as  close  to 
transducer  ground  connection  as  possible 

4.  Use  twisted  slifetded  thermocouple  extension  wires 

5.  Use  a  floating  load  on  output  of  single-ended  data  aiiipllflers  when  ampli¬ 
fier  input  Is  a  grounoed  transducer 

6.  Corjiect  guard  shield  of  data  amplifier  to  Input  cable  shield 

7.  Always  use  insulated  shie'led  cables.  Uninsulated  shields  should  never 

be  used  in  data  lnstrjwema»lo,:  . stems. 

b.  Ungrounded  Transducers 

1.  Provide  a  single  common  ground  reference  point  for  all  cable  shields 

2.  Ground,  all  Input  cable  shields  at  test  stand  ground  point 

3.  Provide  a  continuous  shield  "blanket"  from  transducer  case  to  the  Input 
of  the  data  amplifier 

4.  Connect  data  amplifier  guard  shield  to  Input  cable  shield 

5.  Do  not  allow  more  than  one  ground  connection  in  each  Input  cable  shield. 

6.  Use  twisted  shielded  cables  for  aji  Instrumentation  cables,  Including' 
floating  thermocouple  type  transducers 

7.  Always  use  Insulated  shielded  cables. 

4.2  AMPUFIERS 

Improper  grounding  of  d3.ta  amplifiers  can  be  a  source  of  noise  by  creating  ground 
loops  and  amplifying  common- mode  to  normal- mode  conversion  noise.  The 
following  procedures  should  be  adhered  to  when  using  and  grounding  data  ampli- 
fiers: 

a.  Grounding  Design  Rules  for  Using  Single-ended  Amplifiers 

1.  Individual  Isolated  excitation  power  supplier  should  be  used  with  all 
bridge  type  transducers 

2.  Only  one  earth  ground  point  must  be  used  for  recorder  system;  ground 
point  should  be  same  ground  point  as  transducer  ground, 

3.  Provide  chassis  ground  connection  to  data  system  ground  bus  (plate) 
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4.  Single- ended  amplifiers  can  Be  used  in  digital  data  acquisition  systems  If 
channel-to-channel  isolation  is  provided,  (e.  g,  floating  ioads  such  as 
galvanometers) 

5.  Sltigle-ended  amplifiers  should  not  be  used  with  grounded  (bonded)  ther¬ 
mocouples  to- avoid  channel-to-channel  ground  loops 

6.  Singie-ended  amplifiers  should  not  be  used  with  grounded  bridges  to 
avoid  shorting  one  leg  of  bridge  to  ground 

7.  Connect  cable  input  'shield  to: 

a)  Test  stand  ground  whenever  possible 

b)  Amplifier  input  ground  if  connection  to  test  stand  is  impossible, 

b.  Grounding  Rules  for  Using  Isolated  Differential  Amplifiers 

1.  Guard  shield  of  amplifier  should  be  connected  to  input  cable  shield  and 
cable  shield  earth  grounded  only.at  the  transducer  ground. 

2.  Connect  chassis  ground  to  system- ground  bus  (plate) 

3.  Connect  amplifier  output  guard  shield  (6  system  ground  bus  (plate) 

4.  Do  not  connect  input  cable  shield  to  earth  ground,  only  to  guard  shield 

5.  If  a  permenant  unavoidable  instrumentation  ground  exists  at  the  test 
stand  as  weii  as  at  the  data  system,  use  isolated  differential  amplifiers 
to  breads  the  ground  loop  - 

6.  If  a  floating  transducer  is  used,  connect  cable  shield  to  amplifier  guard 
shield  arid  earth  ground  cable  shield  to  test  stand  ground, 

4.3  RECORDING,  DATA  ACQUISITION  EQUIPMENT 

The  devices  commoniy  used  for  recording  and  data  acquisition  are  listed  below: 

a.  Digital  A/D  system  with  digital  magnetic  tape,  punched  paper  tape,  or 
printer  output 

b.  Analog  or  FM  Magnetic  Tape 

c.  Oscillographs 

d.  Strip  Chart  Recorders 
^  e,  X-Y  Plotters 

The  treatment  of  grounding  systems  with  respect  to  these  recording  devices  for 
minimization  of  noise  should  be  performed  In  compliance  with  the  principles  set 
forth  in  preceding  sections  of  tills.  hfindbo<*,i 
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4.3. 1 


DIGITAL  A/D  SYSTEM 

Unquestionably,  the  digital  system  is  most  susceptible  to  noise,  because  of  the 
high  resolution  and  accuracy  xvhich  these  systems  offer  (in  the  order,  of  0.  01%). 
Grounding  and  noise  reduction  in  digital  systems  must  be  in  accordance  to  the 
following  procedures  (for  more  detailed  information  refer  to  Section  2); 

a.  Use  thickest  available  insulation  on  all  digital  wiring 

b.  Twist  all  clock  wires  and  long  signal  wires  with  a  ground  wire 

c.  Wire  all  digital  circuits  usln;'  shortest  wire  lengiii  possible.  Use  point-to- 
point  wiring 

d.  Provide  as  many  ground  return  paths  as  possible  in  all  digital  circuits 

e.  All  ground  wires  mu^st  converge  to  system  common  ground  point 

f.  Maintain  maximum  distance  between  digital  circuits  and  low  level  circuits 

g.  Never  connect  analog  grounds  in  such  a  manner  that  will  cause  any  analog 
circuit  to  share  a  common  ground  return  path  with  a  digital  ground  return 
path. 

4.3.2  ANALOG  OR  FM  MAGNETIC  TAPE 

Magnetic  tape  is  frequently  used  for  high  frequency  data  recording  above  5  KC 
data.  These  systems  are  mostly  single-ended  and  should  therefore  be  subjected 
to  much  the  same  grounding  practices  as  recommended  for  digital  systems. 

Earth  ground  should  be  made  at  the  test  stand  area  with  a  single  2/0'or  4,^0  cable 
making  connection  to  the  isolated  grounding  jjlate  within  the  tape  cabinet.  Should 
the  tape  channels  receive  data  in  parallel  with  other  single-ended  channels  such 
as  an  A/D  system  then  special  care  must  be  taken  to  minimize  the  effects  of  In¬ 
herent  loops.  A  recommended  dual  recording  scheme  Is  shown  in  Figure  4-4.  , 

The  optimum  method  of  recording  two  single-ended  devices  in  parallel  from  the 
same  data  channel  is  to  use  isolated  amplifier  outputs.  This  means  that  the  am¬ 
plifier  used  for  a.  given  data  channel  will  have  dual  outputs,  one  Isolated  from  the 
other.  This  technique  breaks  the  inherent  loop  and  thereby  decreases  the  noise, 
which  may  result.  ,  : 

4.3.3  OSCILLOGRAPHS  '  ' 

Oscillographs  are  unique  recording  devices  when  grounding  is  considered  because 
by  nature  they  can  provide  isolated  differential  Iniut  channels.  Each  input  channel 
of  an  oscillograph  is  comprised  of  a  galv.anometer  circuit.  This  is  simply  a  fine 
coil  of  wire  to  which  a  light  deflection  medium  is  affixed.  A  typical  galvanometer 
circuit  is  shown  in  Figure  4-5, 

a.  Note  that  the  galvo  has  no  ground  connections  .and,  therefore,  provides  a 
reasonable  degree  of  channel  isolation-  This  means  that  provided  galvo 


impedance  Is  not  so  low  that  It  loads  the  signal  source  driving  capability,  It 
'  'may  be  connected  In  parallel  with  most  single-ended  devices  and  contribute 
no  loop  effects. 

b.  The  shield  can,  In  most  galvanometer  channels,  bo  grounded  either  at  the 
oscillograph  or  left  open  and  grounded  at  the  same  point  as  the  shield  for  tee 
primary  recording  channel. 

c.  If  the  galvanometer  is  not  connected  In  parallel  with  another  recording  device, 
the  shield  and  galvanometer  low  side  should  be  connected  together  a-t  the 
oscillograph  and  this  connection  carried  to  the  system  grounding  block. 

d.  The  oscillograph,  as  all  recording  equipment,  should  be  isolated  except  for 
Its  connection  to  the  isolated  cabinet  and  hence  to  the  grounding  block. 

4. 3.4  STRIP  CHART  RECORDERS 

Strip  chirl  rscorders  are  mostly  'Ingle-ended  devices.  Because  of  this,  some 
basic  factors  should  be  emphasized.  When  using  a  strip  cliart  as  the  only  recording 
device  for  a  given  channel,  the  chajinel  may  be  connected  directly  into  the  recorder 
as  shown  In  Figure  4-6. 

When  another  system  is  connected  In  parallel  with  a  strip  chart  recorder  channel, 
a  more  complex  situation  exists.  Since  the  strip  chart  Is  a  nulling  device,  its 
input  impedance  will  change  while  it  deflects  from  one  position  to  another.  This 
impediiice  change  and  an  accompanying  voltage  feedback  can  be  coupled  directly 
from  the  strip  chart  input  over  to  the  input  of  a  parallel  recording  device  such  as 
an  A/D  channel.  Gross  error  can  result  in  the  A/D  system.  This  difficulty  can 
be  resolved  by  using  resistive  isolation  as  shown  in  Figure  4-7  or  by  employing 
dual  amplifier  outputs,  one  for  each  recording  device,  as  described  for  analog 
tape  systems  above. 

4.3.5  X-Y  PLOTTERS 

X-y  plotters  are  provided  in  either  digital  or  analog  input  configurations.  The 
digital  type  plotters  are  usually  connected  as  peripheral  devices  to  computers  or 
A/D  systems  and  are  grounded  in  accordance  with  recommended  digital  practices 
presented  In  Section  2.  ‘ 

Analog  type  X-Y  plotters  are  norra^Uy  single-ended  and  shc-ald  be  grounded  and 
connected  In  the  same  manner  as  described  for  strip  chart  recorders  above. 

4.4  SYSTEM  ISOLATION 

Isolation  from  an  overall  systems  viewpoint  is  Included  In  Section  2,  Paragraph 
2.2,4.  However,  power  Isolation  wiU  be  described  in  the  following  paragraphs  so 
that  Us  Importance  may  be  bitter  Illustrated.  Isolation,  as  It  applies  to  an  instru¬ 
mentation  system,  Is  the  physical  separaiion  of  the  facility  pt>wer  system  from  the 
Instrumentation  power  system,  and  the  separation  of  t’uaceptlble  areas  from  iioise 
generators.  Associated  with  power  Isolation  is  the  separation  of  power  grounds  in 
each  system. 
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FIGURE  4-6 

Single  Channel  Into  Strip  Chart  Recorder 


4.  4.  1  POWER  ISOLATION 

The  facility  power  system  when  use'd  to  supply  power  to  a  test  facility  carries  with 
it  two  types  of  ground  circuits.  One  ground  circuit  is  called  the  power  neutral 
and  is  iwrt  of  the  main  current  supply.  The  power  neutral  Is  a  current  carrying 
circuit  as  Illustrated  In  Figure  4-8.  The  voltage  on  this  line  with  respect  to  earth 
wlti  be  zero  but  the  current  supplied  to  the  toad  must  return  to  the  generator,  thus 
the  .current  In  the  line  will  not  be  zero'.  The  other  ground  circuit  associated  with 
the  facility  power  system  is  the  equipment  ground.  Its  purpose  is  to  offer  a  very 
low  impedance  path  to  earth  from  all  metal  enclosures  and  housings  for  fault  cur¬ 
rents  caused  by  accidental  shorts,  insulation  breakdown,  or  lightning  surges,  etc. 


FIGURE  4-8 
Power  Neutral  Circuit 

During  normal  operating  conditions  this  ground  circuit  will  not  have  current  flow¬ 
ing  through  it.  , 

Each  of  these  grounds  Is  usually  connected  to  earth’ai  the  primary  power  distri¬ 
bution  point  such  as  a  sub- station  or  a  stepdown  transformer.  A  common- mode 
voltage  can  bo  formed  between  this  power  g.-'ound  and  the  instrumentation  ground 
when  the  two  ground  systems  are  connected  together.  'I'his  may  result  in  large 
60  cycle  potentials  In  the  equipment  cabinets  as  well  as  In  the  data  system  ground. 
For  more  Information  concerning  the  common-mode  generator,  refer  to  Section  2, 
Paragraphs  2. 1  and  2.  2. 

By  properly  isolating  power  from  the  instrumentation  system,  the  effect  of  the 
common-inode  voltage  between  the  power  system  ground  and  instrumentation  sys¬ 
tem  ground  can  be  eliminated.  A  bax  shielded  isolation  i»wer  transformer  must’ 
be  installed  between  the  instrumentation  system  and  the  power  distribution  point. 
Figures  4-9  apd  4-10  Illustrate  two  similar  systems,  one  without  an  isolation 
transformer  and  the  other  with  an  Isolation  transformer. 

4.4.2  EQUIPMENT  ISOLATION 

The  use  of  power  Isolation  tr.'>nsformers  will  not  completely  provide  cabinet  iso¬ 
lation  from  ground  The  following  procedures  are  required  to  complete  system 
and  power  isolation: 

a.  Use  non-conductlve  material  for  conduit  from  cabinets  to  junction  boxes, 
cabinet  to  base  fasteners,  etc 

b.  Use  fiberglass  ln8ui..tion  sheets  between  data  system  cabinets  and  the  floor 

c.  All  externally  grounded  equipment  must  not  be  in  contact  with  data  system 
cabinets 
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d.  Use  rigid  steel  conduit  tor  all  AC  power  cabling  Inside  data  system  cabinets 

e.  Insulate  data  system  ground  plate  from  ca'cinet  by  fiberglass  sheets 

f.  Connect  ali  equipment  cabinets  to  system  ground  plate  via  band  straps 

g.  Connect  system  2/0  or  4/0  ground  bus  tc  ground  plate  and  carry  ground  bus  to 
test  stand  earth  ground  point 

h.  Twist  all  AC  power  circuits  inside  data  system  cabinets. 


NOT  RECOMMENDED 
FIGURE  4-9 

Instrumentation  System  Without  Isolation  Transfer 


RECOMMENDED 
FIGURE  4- TO 

Instrumentation  System  With  Isolation  Transformer 
4.  4. 3  TEST  AND  INSTRUMENTATION  AREA  ISOLATION 

Using  a  single  point  earth  ground  system  for  instrumentation  and  data  acquisition 
will  provide  minimum  interference  from  ground  potentials.  However,  if  the  data 


system  is  not  carefully  monitored,  accidental  shorts  and  insulation  failures  will 
cause  unwanted  ground  loops.  The  following  procedures  are  designed  to  maintain 
a  data  system  free  of  unwanted  contact  with  ground. 

a.  Use  test  stand  ground  and  connect  a  2/0  to  4/0  AvVG  insulated  ground  bus 
firmly  to  it 

b.  Carry  ground  bus  to  recording  area  and  connect  to  data  system  Isolated 
common  ground  bus  or  plate 

c.  Trovlde  complete  data  system  cabinet  Isolation  above  ground  with  fiberglass 
s.heets,  nylon  bolts,  etc 

d.  Connect  all  input  instrumentation  cable  shields  only  to  test  stand  ground. 
Amplifier  output  shields  must  be  grounded  to  data  system. ground 

e.  An  AC  data  system  with  unavoidable  grounds  at  test  area  and  recording  area 
AC  shielded  isolation  transformers  are  maybe  required  to  prevent  earth 
ground  loop  between  the  two  areas  as  shown  in  Figure  4-11, 


AC  TYPE 


FIGURE  4-11 

Shielded  Isolation  Transformers 
4.5  CABINETS  AND  STRUCTURES 

Cabinets,  cable  tray.s,  power  ducting  etc.  should  be  designed  so  that  they  can  be 
properly  grounded  to  an  appropriate  ground  system. 

a.  Completely  isolate  all  data  system  equipment  from  the  local  or  blockhouse 

ground  and  have  it  tied  to  the  grounding  system  located  at  the  test  stand  in 
use  : 

b.  Ail  data  system  cabinets  within  the  blockhouse  must  be  isolated 

c.  Where  the  above  is.  not  practical,  all  data  system  cabinets  should  be  con¬ 

nected  to  a  common  ground  bus  system  within  the  recording  room  or  block¬ 
house  .  ;  ,  ■ 
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d.  A  large  ground  bus  must  be.  provided  to  connect  all  cabinets  together  to  the 
ground  bus  system 

e.  Cable  trays  and  power  ducts  should  be- firmly  bonded  together  and  to  ground 

f.  Cable  trays  and  power  ducts  must  never  be  in  electrical  contact  with  isolated 
data  system  cabinets 

g.  In  the  case  where  complete  cabinet  isolation  is  not  feasible,  a  leas  effective, 
but  workable  approach  would  be  to  provide  two  separate  ground  circuits 
from  the  same  ground  point  within  the  recording  area: 

1.  Power  ground,  used  for  the  grounding  of  all  cabinets  and  hardware 

2.  Instrumentation  ground,  used  oniy  for  the  grounding  of  the  instrumentation 
circuits  (see  Figure  4-12)* 


FIGunE4-12 

Simplified  Dual  Ground  Circuit  Configuration 
4.6  COMMON  GROUND  PLANE 

The  common  ground  plane  is  the  single  earth  ground  connection  area  for  the  instru- 
-  mentation  ground,  to  be  separate  from  the  power  ground  if  possible.  Power 
grounding  systems  have  not  been  included  in  this  handbook  since  an  abundance  of 

T - 

The  net  result  of  this  dual  ground  circuit  is  to  allow  AC  power  current  to  flow 
through  a  separate  circuit  and  back  to  the  power  distribution  system  while  the 
ground' circuit  used  for  instrumentation  purposes  is  relatively  free  of  such 
disturbances.  ,  .  ^ 
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material  exists  on  power  system  grouhdthg  techniques.  Therefore,  a  more,  spec¬ 
ific  coverage  Is  Included  relative  to  Instrumentation  system  ground  connections. 
For  the  purpose  of  this  section  "grounding"  will  be  referred  to  as  "earth  ground¬ 
ing"  unless  otherwise  specified.  Figure  2-16  Illustrates  a- typical  system 
grounding  design. 

During  the  design  phase  of  an  instrumentation  facility,  both  power  and  instrumen¬ 
tation  grounding  systems  should  be  considered  individually  as  well  as  in  relation¬ 
ship  to  each  other.  Both  grounding  systems  are  divorced  in  application,  but  cannot 
be  divorced  In  Implementation,  as  both  must  be  Implemented  during  construction 
and  steps  should  be  taken  to  electrically  isolate  the  two  systems  so  that  the  instru¬ 
mentation  system  will  not  be  affected  by  the  electrical  power  system.  More  infor¬ 
mation  on  this  subject  is  included  in  Section  2  and  the  Bibliography. 

The  most  Important  reason  for  grounding  of  any  type  of  equipment  is  to  insure 
that  no  voltages  are  present  on  accessible  areas.of  equipment  which  will  endanger 
the  safety  of  personnel.  In  addition  to  safety^  noise  reduction  and  elimination 
must  also  be  considered.  This  type  of  grounding  is  usually  in  the  form  oi  shield 
connections  to  ground,  prevention  of  ground  loops  in  the  wjrlng,  and  provision  of 
multiple  ground  paths  in  digital  equipment.  These  grounding  techniques  have  been 
discussed  in  detail  in  previous  sections. 

The  following  estabiishes  a  set  of  criteria  for  the  proper  technique  of  equipment 
grounding  and  the  connection  to  earth  ground: 

a.  All  cabinets  of  the  instrumentation  system  must  be  bo.nded  together  as  illus¬ 
trated  In  Figure  4-13 


b.  A  ground  wire  (#10  stranded  or  larger)  should  be  bonded  to  the  cabinet  and 
connected  to  the  system  ground  plate 

c.  All  subsystems  mounted  in  the  cabinet  bays  having  swing-Out  or  pull-out 
panels,  doors,  drawers,  etc.,  should  have  a  flexible  ground  connection 
from  the  movable  module  to  the  main  chassis 


I 


FIGURE  4-13 

Detail  of  Cabinet  Bays  Bolted  Together 
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d.  If  the  Input  to  the  data  system  Is  single-ended,  a  second  isolated  bus  can  be 
provided  to  which,  the  low  side  of  the  signal  wires  can  be  connected  (see 
Figure  4-14),  Adequate  channel-to-channel  Isolation  must  be  provided,  such 
as  commutation,  isolated  amplifiers,  etc. 

e.  If  channel- to-channel  isolation  does  not  exist,  each  shield  ground  and  low 
side  of  each  channel  must  remain  separate  so  that  ground  loops  are  not 

.  formed  between  channels 

f.  The  input  ground  bus  must  be  connected  to  the  system  ground  plate  by  a  #10 
or  larger  Insulated  ground  wire 

g.  If  the  low  side  of  the  input  signal  wires  are  bused  to  a  common  point  as 
shown  in  Figure  45.14,  this  point  should  be  carried  through  the  input  device 
only  and  not  connected  to  ground  plate  except  at  the  load  or  A/D  converter 
digitizer  as  shown  in  Figure  4-14 

h.  The  ground  plate  should  be  mounted  on  fiberglass  sheets,  with  nylon  bolts  if 
necessary,  to  Isolate  it  from  any  unintentional  ground.  A  large  insulated 
ground  wire,  #  2/0  to  4/0  is  bolted  to  the  ground  plate  and  carried-to  the 
test  area 

i.  The  test  area  ground  plate  should  be  located  as  close  to  the  test  stand  as 
practical 

j.  Each  test  stand  or  cell  should  have  a  bonded  ground  strap  of  #4  or  larger 
insulated  copper  wire  running  to  the  ground  plate  as  s.hown  in  Figure  4-3. 

Figure  4-15  illustrates  a  ground  bus  wire  connected  to  a  ground  plate  located  in  a 
test  area.  The  ground  plate-serves  as  a  common  tie  point  for  all  ground  wires 
connected  from  the  test  area  Instrumentation,  such  as  shield  and  test  stand  ground 
straps. 

Many  test  facilities,  with  more  than  one  test,area  may  require  simultaneous  opera¬ 
tion  at  each  test  area. 

a.  Connect  the  test  areas  together  by  using  a  heavy  copper  insulated  wire  car¬ 
ried  to  each  test  area  ground  point  as  shown  in  Figure  4-16 

b.  One  variation  to  this  method  is  connecting  each  test  area  ground  bus  to  a 
common  isolated  tie  point  located  between  the  test  areas  apd  carrying  a 
single  bus  wire  to  the  data  system  as  shown  In  Figure  4-17 

:  c.  It  Is  important  that  the  impedance  between  the  two  test  area  ground  points 
remain  as  low  as  possible  so  that  Jhe  common- mode  currents  will  be  re»- 
strlcted  to  the  grounds  between  the  test  areas,  and  not  between  the  test  areas 
and  data  system. 

Where  multiple  test  areas  are  a  part  of  a  test  facility.it  is  common  that  only  one 
test  area  Will  be  used  and  simultaneous  operation  or  data  acquisition  from  both 
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FIGURE  4-15, 

Typical  Ground  Plate  Installation  In  Test  Area 


test  areas  is  not  required.  Each  test  area  should  have  an  earth  ground  point.  In 
order  to  eliminate  the  common- mode  generator  between  the- test  areas,  the  ground 
connection  between  the  teat  areas  is  broken  with  a  switch.  Thus,  when  one  test 
area  is  being  used  the  other  one  la  completely  isolated  from  the  data  system. 

This  switch  may  be  a  heavy  duty  manual  knife  switch  or  mercury  relays  automa¬ 
tically  Controlled  from  the  data  system  area.  Figure  4-18  illustrates  a  typical 
two  test-area  configuration  using  switched  ground  buses  to  the  data  system.  Note 
that  by  using  relays,  an  added  satety  protection  can  be  utilized  which  knife  switches 
cannot  offer.  By  connecting  one  nOnnaily-open  and  one  normally- closed  relay  for 
grounding,  a  ground  connection  is  insured  even  in  the  eve.it  of  power  failure. 


TEST  AREA  "A" 


RECC^iMENDED 
FIGURE’ 4-18 

Two  Test  Areas  Using  Switched  Ground  Buses' to  Data  System 


5.  OPERATIONS/  MAINTENANCE,  AND  MODIFICATION 

The  information  included  Ir.  this  section  is  Intended  for  the  general  use  of  instru¬ 
mentation  technicians  whose  job  function  is  to  onerate,  maintain,  and  modify  ex¬ 
isting  ins'.rumentation  equipment. 

In  previous  sections,  grounding  and  noise  reduction  techniques  have  been  discussed 
In  detail  regarding  the  overall  Instrumentation  system  as  well  as  the  components^ 
or  subsystems,.  When  these  techniques  have  been  thoroughly  considered  and  a 
grounding  philosophy  has  been  established  and  Implemented  into  a  system  It  be¬ 
comes  a  responsibility  of  the  Instrumentatlo::  technician  to  follow  the  system 
grounding  techniques  and  rules  to  the  fullest  extent.  Before  changes  are  made  to 
the  basic  grounding  design  of  an  existing  facility  a  thorough  check  should  be  made 
in  order  to  determine  the  extent  of  the  problem  and  v'hether  or  not  all  grounding 
rules  have  been  followed.  Signal  patching  using  plugboard  type  patching  is  a 
common  source  >.  ground  loops.  These  patchtx>ards  should  be  clearly  labeled 
and  carefully  checked  before  each  data  run. 

5.1  NOISE  MEASUREMENT  ■ 

In  order  to  present  recommended  methods  of  noise  deflection  and  measurement, 
a  typical  A/D  system  Is  used  as  a  model.  The  dl-scussions  which  follow  apply  to 
this  typical  system  and  applicable  measurement  techniques  which  have  been  suc¬ 
cessfully  used  In  the  field  (see  Figure  5-1). 

With  any  noise  measurement,  two  important  parameters  to  be  remembered  are; 

a,  peak-to-peak  noise  amplitude 

b.  frequency  of  the  major  noise  components 

These  two  parameters  are  difficult  to  measure  with  a  digital  system  because  of 
its  characteristic  as  a  sampling  rather  than  a  continuous  monitoring  device. 

The  RMS  value  of  the  noise  signal  will  be  of  little  significance.  The  analog-to- 
dlgital  converter  in  a  typical  digital  system  will  read  peak-to-peak  .implltude. 
Knowing  therfrequcncy  of  the  major  components  of  the  noise  will  point  to  the 
cause.  For  example,  if  60  cycle  is  present  it  would  point  toward  the  power 
ground  system.  If  120  cycle  is  present  It  would  point  toward  jpower  supply  ripple. 
Most  digital  data  acquisition  systems  limit  the  input  data  frequency  to  approxi¬ 
mately  500  cycles  or  less.  Therefore,  high  frequency  noise  present  on  the  data 
Input  lines  to  the  system  is  not  carried  through  to  the  A/D  converter.  Any  high 
frequency  noise  present  at  the  input  of  A/D  Converter  Is  usually  generated  within 
the  data  system.  The  most  common  approach  to  the  detection  of  the  noise 
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FIGURE  5-1 

Typical  Data  Acquisition  System 

generator  is  to  start  at  the  output,  usually  the  A/D  converter  anj  work  toward  the 
input.  The  most  convenient  piece  of  test  equipment  used  to  make  noise  measure- 
n.ents  is  the  osciiioscope. 

5,1,1  EQUIPMENT 

The  requirements  for  an  osciiioscope  to  make  noise  measurements  are  as  follows: 
•a,  High^galn  vertical  pre-amplifier - 

b.  Wideband 

c.  Floating  differential  input 

d.  Power  line  isolation  to  the  scope 

If  the  scope  does  not  have  a  floating  differential  Input  and  the  case  Is  connected  to 
power  ground  the  scope  will  introduce  noise  into  the  system  under  test.  Any  noise 
measurements  made  under  these  conditions  will  not  be  valid.  Isolating  the  scope 
from  power,  ground  by  means  of  a  Faraday  shielded  isolation  transformer  will  In¬ 
sure  proper  isolation  and  also  eliminate  the  possibility  of  shorting  out  any  Inputs 
while  mitking  differential  Measurements. 

The  main  advantage  to  using  an  oscilloscope  for  noise  measurements  is  that  It 
gives  a  graphical  representation  of  the  noise  showing  both  peak-to-peak  amplitude 
and  frequency.  Since  the  oscilloscope  displays  all  frequencies  within  Its  band¬ 
width  at  one.  time  it  is  sometimes  difficult  to  pick  out  the  major,  frequency 
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components  of  the  noise.  One  approach  to  solving  thlf  problem  is  to  use  a 
spectrum  analyzer  In  order  to  separate  the  noise  into  its  Individual  components. 
Another  approach  Is  to  use  a  variable-bandpass  filler  In  front  of  the  oscilloscope. 
The  same  requirements  for  power  line  isolation  apply  for  all  pieces  of  equipment 
used  In  the  noise  measurements. 

5.1.2  MEASUREMENT  OF  NOISE 

Figure  5-1  shows  a  hypothetical  system  on  which  the.  noise  measurements  will  be 
made.  Figure  5-2  shows  the  oscilloscope  confiscation  used  to  make  the  noise 
measurements.  Noise  measurements  are  performed  in  the  following  nsainer: 

a.  The  vertical  input  to  the  scope  should  be  shielded  wire. 

b.  The  amount  of  exposed  wire  at  the  probe  end  should  be  kept  to  a  minimum. 

c.  First  check  lo  be  made  is  to  short  the  scope  probes  together  to  measure 
the  Inherent  noise  of  the  scope.  The  inherent  noise  of  the  scope  must  be 
very  small  when  conapared  with  the  noise  to  be  measured. 

d.  The  scope  should  be  connected  across  the  input  lo  the  A/D  converter. 

It  will  be  necessary  to  trigger  the  scope  from  the"digitlze'’commarid. 

e.  The  sweep  time  should  be  set  to  coincide  wJtl^  the  arialog-to-digital  con¬ 
version  time,  (For  most  high  speed  systems  a  time  base  of  10  microseconds 
per  division  will  be  sufficient) 

f.  Tile  scope  now  displays  the  noise  whlcli  the  A/D  converter  receives.  Any 

noise  present  at  times  other  than  the  digitizing  time  will  have  no  effect  on 
the  digital  output.  Noise  present  oh  a  single  sweep  of  the  scope  would 
most  likely  be  caused  by  a  sample-and-hold  amplifier,  the  A/D  converter, 
or  the  digital  commands  between  the  two.  A.ny  variation  of  signal  ampli¬ 
tude  from  sweep-to-sweep  of  the  scope  (assuming  system  input  constant) 
will  most  likely  be  caused  by  circuitry  ahead  Of  the  A/D  converter.  v 

g.  If  tlie  noise  Is  found  to  be’  forward  of  the  .A/D  converter,  connect  the  scope 
acres;,  the  Input  of  the  sample-and-hold  amplifier. 


h.  Trigger  the  scope  Iroai  the  commutator  drive  pulse;  If  the  digital  data  analy¬ 
sis  showed  lixlividual  channels,  rather  than  all  channels  to  be  noisy,  one  of 
the.  noisy  channel  drive  pulses  should  be  used,  otherwise  any  channel  drive 
pulse  can  be  used. 

I.  The  sweep  time  should  be  set  to  coincide  with  the  sample  time.  For  roost 
systems  a  time  base  of  5  VSEC  per  division  will  be  sufficient, 

J.  Record  the  value  of  noise  present.  A  scope  camera  would  bo  useful  for  this 
purpose. 

k.  Disable  comn.jtator  operation  and  place  a  jumper  from  the  commutator  input 
io  output. 

l.  Record  the  value  of  noise.  A  difference  between  tills  value  and  the  previous 
value  would  Indicate  that  the  noise  Is  generated  by  the  commutator. 

Possible  causes  of  noise  in  the  commutator  could  be  malfunctioning  commu¬ 
tator  switches,  improper  signal  and  shield  termination,  or  power  supply 
noise  pickup. 

m. lf  the  noise  is  found  to  be  forward  of  the  commutator,  move  the  scope  probes 
to  the  output  of  the  filter. 

n.  The  scope  should  be  triggered  Internally.  There  should  be  no  noise  present 
beyond  the  bandpass  cf  the  filter. 

0,  Frdm  this  point  on  the  easiest  approach  to  the  detection  of  the  noise  genera¬ 
tor  is  to  leave  the  scope  connected,  to  the  output  of  the  filter  then  break  a 
coiinectioD  and  apply  a  short  across  the  line.  -Using  this  technique,  work 
toward  the  transducer.  The  point  at  which  the  noise  Increases  indicates 
that  the  noise  generator  is  located  between  this  point  and  the  previous  point. 

Another  useful  tool  in  the  determination  of  noise  accepted  by  the  A/D  converter  of 
a  ditphil  system  is  a  resistive  ladder  network.  A  simple  four  reslstcr  circuit 
may  be  assembled  In  a  matter  of  minutes,to  permit  the  technician  to  make  precise 
scope  measurements  of  the  actual  digitized  noise.  Figure  5-3  illustrates  the  cir¬ 
cuit  and  method  of  connection  to  the  A/D  system. 

Five  percent  carbon  resistors  may  be  used  and  connected  to  the  A/D  or  A/D  dis¬ 
play  hold  register  (may  be  least  significant  bits  if  a  binary  A/D  converter  is  used). 
After  making  the  connection  shown,  perform  the  following  steps: 

a.  Place  the  scope  in  DC  input  operation  with  a  high  sweep  rate  (id  micro- 
seconds/'centirieter  is  sufficient. 

b.  The  A/tj  im  is  then  placed  in  standby  condition  so  that  the  A/D  "units"  hold 

registei  manuaUy  set  to  the  desired  count  values. 

c.  Step  the  uiiii.>  decade  manually  from  "O"  through  "9".  (Note  the  sweep  rise 
gn  the  Scope  face) 

d.  At  each  sweep  position,  a  strip'of  masking  tape-on  the  face  of  the  scope 
should  be  marked  with  the  equivalent  decimal  setting  of  the  decade.  This 
calibrates  the  trace. 


Now,  If  the  A/D  system  is  placed  In  normal  operation,  the  least  significant  bits  of 
each  eampie  of  the  A/D  converter  will  be  shown  on  the  scope  since  the  weighted 
resistors  perform  dlgltal-to-anc.icg  conversion.  If  the  system  input  volugo  is  set 
to  provide  an  average  scope  reading  of  5  counts  then  the  total  "counf  spread" 
may  be  determined  by  the  trace  excursions  above  and  below  this  value  (provided 
count  spread  doesn't  exceed  10  counts  below  0  or  above  9). 

The  D/A  technique  can  provide  very  useful  Information  In  determining  total  ac¬ 
curacies  of  a  digital  system.  If  the  hold  register  is  gated  for  a  selected  channel, 
the  noise  for  only  that  channel  will  be  displayed,  thus  providing  meaningful  noise 
data  on  a  per  channel  basis. 

Digital  system  noise  is  usually  specified  as  a  percent  of  full  scale.  If  full  scale 
is  9999  (0000  through  9999  is  10,000  counts)  and  count  spread  is  siJc  counts 
(+3442  to  +3448  for  example)  then  the  noise  is  6/10,000  =  0.06%  or  iO.03%, 

5.2  SHIELD  CONNECTION 

The  shield  connection  will  be  regarded  with  respect  to  instrumentation  cable 
shields  which  originate  at  the  transducer  or  test  area  and  carried  to  the  data  ac¬ 
quisition  system.  The  purpose  of  shielding  is  generally  recognized  as  a  means 
to  prevent  extraneous  noise  from  interfering  with  sensitive  signal  lines.  The 
most  common  cable  shield  Is  the  braided  copper  shield.  One  other  cable  shield, 
aluminum  foil.  Is  becoming  more  popular  because  of  its  shield  coverage,  lower 


Repirdl'ess  of  the  type  of  shield  used  it  is  possible  to  cause  more  noise  In  the 
signal  lines  by  Improper  grounding  of  the  shielas  than  the  extraneous  noise  which 
is  being  shielded  against.  If  a  closed  path  is  formed  by  the  shield  between  two 
ground  points  a  current  will  flow  through  the  shield.  If  the  ground  connection  is 
an  earth  ground,  60  cycle  current  wUl  flow  Iflto  the  shield.  The  cajacitance  of 
the  wire  to  shield  will  allow  this  60  cycle  earth  current  to  be  coupled  Into  the 
signal  wires  as  shown  in  Figure  5-4. 


NOT  RECOMMENDED 
FIGURE  6-4 

Shield  Grounded  at  Two  Earth  Ground  Points 


Therefore,  the  underlying  purpose  in  proper  grounding  of  cable  shields  is  to  pre¬ 
vent  ground  loop  currei.ts  and  tQ  provide  a  low  resistance  path  to  earth  for  extra¬ 
neous  noise  pick-up  In  the  Shield. 


As  the  slgial  levels  of  transducers  are  lowered  the  noise,  susceptibility  of  the 
trar.sducer  signal  Increases,  In  some  test  facilities  where  all  data  Is  being  re¬ 
corded  for  low  accuracy  ''quick-look"  type  testing  the  reduction  or  minimization 
of  noise  is  usually  not  emphasized.  However,  in  a  complex  test  facility  where 
many  channels  of  data  are  to  be  measured  and  where  the  pre-test  set-up  takes 
many  hours  or  even  days  it  is  important  that  the  most  accuiate  and  reliable  data 
be  obtained  so  that  the  test  wUl  not  have  to  be  repeated  unnecessarily.  Thus, 
every  precaution  must  be  taken  to  assure  nplse-free  or  near  noise-free  data. 


Figures  5-5  and  5-6  illustritte  the  recomraenJed  method  of  properly  grounding  arid 
■terminating  the  cable  shield  at  the  transducer. 
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SHIELDED  EXTENSION  WIRE  TEST  AREA 


Once  the  transducers  have  been  connected  Into  the  signal  line, the  data  araplifiers 
are  then  connected  to  the  transducers.  Generally  there  are  two  types  of  data  arn- 
pllllers  used  in  instrumentation; 

a.  Single-ended  wideband  AC  amplifiers  and, 

b.  Differential  isolated  DC  amplifiers. 

Figures  6-7  and  5-8  illustrate  the  proper  "rounding  and  shield  connections  foC 
these  amplifiers. 

Single-ended  amplifiers  are  most  coramoniy  used  for  wideband  data  measureriiehts 
with  AC  type  signals. 
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FIGURE  5-6 

Cable  Shield  Grounding  Procedures  to  Minimize  Noise  Interference 
in  Bridge  Transducer  Signals 
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Shield  Connections  for  Single-Ended  Amplifiers 
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Shield  Connections  for  Differential  Amplifiers 


Isolated  differential  amplifiers  are  commonly  used  for  DC  slow  varying  signals 
such  as  thermocouples.. 

The  use  of  single-ended  amplifiers  Is  required  In  many  applications;  therefore,  it 
Is  necessary  that  all  shield  and  signal  wire  connections  be  carefully  considered 
and  checked  so  that  no  ground  loops  are  formed  between  test  area  and  data  System 
area.  Figure  5-9  Illustrates  how  a  ground  loop  may  be  formed  by  Improperly 
gtounding  of  the  shields. 
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Ground  Loop  Formed  by  Improper  Shield  Grounding 

Another  Important  consideration  is  that  of  forming  channel-to-channel  ground  loops 
as  shown  in  Figure  5-10. 

To  prevent  these  ground  loops,  install  Isolated  differential  amplifiers  In  place  of 
single-ended  amplifiers  or  install  isolated  DC  excitation  power  supplies  in  each 
channel. . 

When  grounding  the  instrumentation  cable  shields  in  the  data  system  the  following 
steps  must  be  followed:  , 

a.  Grounded  Transducers  (see  Figure  5-llA) 

■v'-'  1,  Do  not  connect  cable  shield  to  ground  at  the  data  system  input  if  isolated 
'  differential  amplifiers  are  not  used  in  data  line 
■  2.  Connect  cable  shield  as  close  to  transducer  ground  as  possible 

3.  If  signal  drives  load  directly,  load  must  be  isolated  from  ground  to  . 
prevent  ground  loops 

4.  Carry  shield.-  through  all  terminal  boards. 


b. .  Ungrounded  Transducers  (see  Figure  5-llB) 

1.  Do  not  connect  cable  shield  to  data  system  ground,  if  Isolated 
differential  amplifiers  are  not  used  in  data  line 

2.  Connect  cable  shields  and  transducer  case  to  single  ground  point  in 
the  test  area 

3.  Provide  test  area  ground  point  for  grounded  transducer  case  if  case  - 
does  not  have  solid  ground  connection 

4.  Carry  all  cable  shields  through  each  terminal  block  for  the  entire 
cable  length. 

c.  Single-Ended  Data  Amplifiers  (see  Figure  5-12A) 

1.  Do  not  connect  shield  to  amplifier  Input  ground  if  transducer  is 
grounded, 

2.  If  transducer  and  transducer  case  are  completely  floating,  connect 
cable  shield  to  amplifier  ground. 

3.  Do  not  connect  amplifier  output  ground  to  output  cable  shield.  Shield 
will  be  grounded  to  data  .system  ground  bus. 

4.  if  a  floating  transducer  is  used,  connect  cable  Input  shield  to  amplifier 
output  cable  shield  to  amplifier  output  ground. 

d.  Isolated  Differential  Amplifiers  (see  Figure  5-12B) 

1.  Never  connect  amplifier  input  cable  shield  to  ground. 

“  2,  Connect  input  cable  shield  only  to  amplifier  guard  shield, 

3.  Amplifier  output  cable  shield  should  be  connected  to  amplifier  output 
guard  shield.  If  provided. 

4.  Amplifier  input  cable  shield  must  be  grounded  only  at  the  test  stand 
transducer  ground.  : 

5.3  SIGNAL  GROUNDS,  EQUIPMENT  GROUNDS.  AND  POWER  GROUNDS 
The  ground  circuits  of  a  data  Instrumentation  system  are  categorized  as  follows: 

a.  Signal  Ground  .  ..  ■ 

b.  Equipment  Ground  . 

c.  Power  Ground  ■  '  ' 

Signal  grounds  are  further  classified  Into  analog  and  digital  grounds  as  indicated 
below:  ■  - '  - 

a.  The  ahalog  ground  circuit  begins  with  the  transducer  circuit  ground  and 
Is  carried  up  to  the  data  amplifier,  into  the  data  system  and  to  the  input 
of  the  A/D  converter, 

b.  The  digital  ground  circuits  are  those  ground  circuits  associated  with  the 
output  of  the  A/D  converter  and  carried  throu^out  the  logic  circuits  in 
the  digital  portion  of  the  system.)  ; 


Equipment  grounds  are  defined  as  those  ground  connections  which  are  used  to  con¬ 
nect  all  equipment  cabinets,  cliassis,  panels,  and  enclosures  to  earth  ground  in 
order  to  prevent  dang->rous  potcntlais  and  fault  currents  from  occuring  on  the 
equipment.  These  grounds  will  usually  be  in  the  form  of  bonding  straps,  large 
copper  wire  connections  between  equipment  cabinets,  etc. 

The  power  ground  circuits  are  the  ground  and  non-current  carrying  circuits  as¬ 
sociated  with  the  AC  power  to  the  data  system  which  Is  connectet'  to  earth.  The 
power  return  is  the  neutral  or  iow  side  of  the  AC  power  circuit')  which  originates 
at  the  load  and  are  carried  to  the  transformer  (see  Figure  5-13;. 

The  power  ground  is  commonly  connected  to  the  center  tap  of  the  secondary  and 
presents  a  safety  path  to  earth  for  fault  currents  such  as  accidental  short 
circuits  in  the  AC  power  line, 

5.  4  GROUND  LOOP  PREVENTION  AND  DETECTION 

As  discussed  In  tiie  previous  section  ground  loops  can  be  formed  by  Improper  con 
nCction  of  shields,  signal  wires,  and  amplifiers.  The  detection  of  ground  loops  In 
a  signal  path  Is  not  always  simple,  however  the  common  ground  loop  signal  In  an 
instrumentation  facility  will  be  mostly  a  periodic  noise  function  at  60  CPS 
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Proper  Shield  Connections  In  Data  System  Input. 
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Prefer  Shield  Connections  in  Data  System  Input 

appearing  on  the  signal  lines,  60  cycle  noise  may  have  a  large  third  harmonic 
as  shewn  In  Figure  5-14. 

Single-ended  amplUlers  and  recording  equipment  are  a  source  ot  ground  loop 
problems.  To  prevent  ground  loops  from  occurlng  the  following  procedure  should 
be  followed; 

a.  Cable  shield  should  be  grounded  at  only  one  point,  preferably  at  the  test  ■ 

'  staiid. 

h.  If  a  floating  transducer  is  used,  the  low  side  of  the  Signal  pair  must  be 
grounded  nt  oidy  one  point. 

c.  If  a  grounded  transducer  is  belng  used  the  amplifier  output  must  be  floating. 

d.  Using  grounded  transducers,  connect  cable, shield  as  close  to  transducer 
ground  as  possible  and  do  not  connect  shield  to  amplifier  input. 


e.  Check  for  unwanted  grounds  by  lifting  shield  from  ground  point  and  making 
a  continuity  check  from  stJeld-to-ground.  If  a  short  or  low  resistance  Is 
detected  an  unwanted  ground  ekists  and  must  be  eliminated, 

f.  To  check  for  unwanted  grounds  in  data  line,  disconneet  cable  from  trans¬ 
ducer  and  load.  Measure  the  low  side  signal  line  to  ground,  V  conlinulty 
exists,  an  unwanted  ground  exists  and  iiiust  be  eliminated 
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FIGURE  5-13 

Typical  AC  Power  Ground  Wiring  Configuration 


FIGURE  5-14 

60  Cycle  KoiseWifh  Third  Karinonic  Distortion 


A  ground  loop  may  be  formed  whenever  two  or  more  diffei'ent  connections  are 
made  to  ground  where  these  connections  are  not  at  the  same  point.  Ground  loop 
currents  can  only  be  eliminated  by  breaking  the  closed  (AC  or  DC)  path  by  pro¬ 
viding  only  one  ground  point  for  all  ground  wires. 

Perform  the  following  procedures  for  detection  and  prever  tion  of  ground  loops: 

a.  Where,  control  circuits  using  ungrounded  coils  and  ungrounded  trans¬ 
ducers  are  used  whose  enclosures  are  grounded,  the  cable  shield  should  be 
connected  to  the  enclosure  and  not  at  the  input  to  the  single-ended  device. 

This  technique  Is  shown  in  Figure  5-15. 

b.  Where  many  channels  are  connected  into  a  large  terminal  block  near  the 
test  area  It  is  recommended  that  a  common  isolated  bus  be  provided  to 
which  all  cable  shields  oi  Iglnatlng  at  the  test  area  may  be  connected^ 

This  bus  Is  then  connected  to  the  instrumentation  test  area  ground  point. 

If  a  transducer  IS  grounded  at  some  other  point  (such  as  a  bonded  thermo¬ 
couple)  the  shield  on  that  cable  should  not  be  connected  to  the  common  bus 
but  should  be  connected  to  ground  as  close  to  the  thennocouple  as  possible 
as  shown  In  Figure  5-16. 

0,  When  a  common  bus  is  used  in  the  test  area  for  grounding  shields,  the 
shields  being  carried  into  tlie  data  system  must  not  be  grounded  at  the  data 
system.  It  a  single-ended  buffer  amplifier  Is  used  In  the  line  as  shown  In 
Figure  5-17,  the  shield  should  not  be  carried  through  the  amplifier  and  the 
output  shield  should  be  connected  to  the  data  system  ground. 

d.  A  single-conductor  shielded  cable  can  produce  ground  loop  currents  If  the 
shield  Is  used  as  the  ground  return  path  of  the  circuit.  This  ground  loop 
can  be  formed  by  the  shield  when  the  shield  is  a  part  of  a  metallic  connector 
(BNC  type)  which  is  mounted  directly  to  the  metal  case  or  enclosure  as 
illustrated  In  Figure  5-17A, 

e.  The  following  ground  loops  and  preventive  arrangements  should  be  considered 
In  a  system  with  several  series  elements; 

1.  Transducers  and  amplifiers  with  one  side  of  their  signal  circuit  connected 
to  their  cases. 

2,  Proper  arrangement  for  isolating  the  low  side  and  shields  from  individual 
chassis  in  order  to  open  circuit  ground  loop  currents, 

f.  Certain  transducers  are  designed  so  that  the  case  is  part  of  the  signal  circuit. 
Among  these  are  piezoelectric  accelerometers.  A  ground  loop  can  be  formed 
if  the  shield  Is  connected  at  the  data  system  in  addition  to  the  case,  as  shown 
In  Figure  5-18. 

5.5  installation  OF  GROUND  RODS 

As  described  In  Appendix  A,  the  soil  resistivity  In  a  given  location  wlil  fluctuate 
according  to  its  moisture  content,  temperature  and  depth.  The  imporiance  of 
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maintaining  a  constant  low  resistance  contact  with  the  earth  is  significant  when 
the  ground  connection  is  to  be  used  for  power  fault  current.  If  a  resistance  of 
sufficient  magnitude  exists  In  the  ground  connection,  a  considerable  potential 
could  exist  on  equipment  enclosures,  ground  wires,  etc, ,  which  would  endanger 
the  safety  of  personnel  under  fault  current  conditions. 

In  a  data  acquisition  system  which  floats  equipment  cabinets  above  ground  at  the 
blockhouse  or  InstruJnenbatlon  recording  area,  a  ground  bus  wire  will  be  carried 
to  a  ground  point,  usually  In  the  test  stand  area,  where  a  low  resistance  connec¬ 
tion  io  earth  is  established.  Therefore,  an  instrumentation  earth  ground  connec¬ 
tion  of  Pilnimufl'i  resistance  Is  required  for  the  safety  of  perso.nnel,  and  does  not 
necessarilv  contribute  to  noise  reduction, 

A  ground  rod  earth  ground  system  has  advantages  over  other  ground  systems 
such  as  burled  plates,  buried  strips,  cables,  grids,  etc.  Primarily  the  ground 
rod  Installations  affords  a  lower  cost  as  compared  to  the  other  forms  of  grounds. 
Simplicity  of  installation,  minimum  area  requirement,  plus  Installation  can  be 


Correct  Technique  for  Shield  Connections  to  Prevent  Ground  Loop 


Shield  Connected  to  Ground  as  Close  to  Thermocouple  as  Possible 

made  from  the  earth  surface.  In  addition,  since  a  more  stable  soli  resistivity  Is 
found  15  to  20  feet  below  the  eaitt  surface,  the  ground  rod  can  easily  be  driven 
Well  beyond  this  det>th  lo  obtain  a  stable  earth  connection. 

Because  of  the  sandy  earth  conditions  of  a  desert  based  rocket  test  taelilty,  a 
ground  rod  Installation  is  recommended  and  the  use  of  proper  Installation  equips 
nient  will  enable  grounds  to  be  driven  to  depths  In  excess  of  100  feet. 

5,5.1  ROD  INSTALLATION 

The  classic  sledge-hammer  Is  an  effective  tool  for  driving  ground  rods  to  depths 
of  8  to  10  feet.  However,  this  method  is  lime  consuming  and  in  poor  soil  condl-’ 
ttons  would  be  totally  useless.  An  Improved  method  of  driving  ground  rods  is  the 
use  of  modUled  sledge  hammer  approach  called  the  "Chuck  and  Anvil"  method. 
Figure  5-19  Illustrates  the  essential  components  for  this  method  of  ground  rod  In¬ 
stallation.  This  device  consists  of  a  chuck  and  a  sliding  hammer.  It  has  an  ad¬ 
vantage  over  the  sledge  hammer  In  that  the  work  may  be  carried  on  at  a  level 
convenient  to  the  workmen  without  a  ladder  or  platform  and  the  blow  is'dellvered 
near  the  ground  level. 
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moveable  stud  which  will  take  the  driving  blows.  These  roos  leTid  themselves 
very  readily  to  installation  by  use  of  an  electric  hammer  or  air  hammer  systems 
which  greatly  Increase  the  speed  and  depth  capabilities  of  driven  ground  rods. 
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FIGURE  5rl8 

‘  A.  Ground  Loop  Between  Transducer  and  Data  System 

B,  Ground  Loop  Open-Circuited  at  Data  System 

The  electric  and  air  hammers  require  bulky  equipment  such  as  power  generators 
and  air  compressors.  A  more  convenient  hammer  is  run  on  gasoline  and  Is 
self  contained.  ,  These  hammers  offer  portability  and  convenience  not  available  In 
other  ground  rod  installation  equipme.it.  • 


A  ground  rod  depth  of  20  feet  minimum  is  recom¬ 
mended  for  a  desert  test  facility  Installatl  It 
wUI  often  be  necessary  to  drive  the  rods  e\  ;n  deeper 
to  obtain  an  adequately  low  grou  id  rod  to  eart.h 
resistance.  . 
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FIGURE  5-19 

Chuck  and  Anvil  Method  of  Ground  Rod  Installation 
5.5.1. 1  Soil  Treatment  to  Lower  Resistance 

Common  salt  and  magnesium  sulphate  water  solutions  are  chemicals  which  can  be 
added  to  the  soil  to  lower  thexontact  resistance  of  the  rod  and  earth.  Chemical 
treatment  can  reduce  soil  leslstance  up  to  90%.  Treatment  of  sandy  soil  provides 
the  highest  degree  of  Improvement  and  is  recommended  in  a  desert  test  Insthj- 
mentatlon  facility.  Since  chemicals  will  be  carried  away  with  the  water,  frequent 
maintenance  is  required  to  insure  a  constant  low  resistance  ground  rod  installation 
A  typical  method  of  Installing  the  soil  treatment  solution  Is  to  form  a  circular 
trench  around  the  ground  rod  as  shown  In  Figure  5-21. 

A  more  effective  method  of  soil  treatment  Is  shown  In  Figure  5-22.  Here  the 
ground  rod  Is  Installed  Inside  a  tue  pipe  with  a  removable  cover.  This  allows 
ease  of  Inspection  and  maintenance.  The  chemical  can  be  added  either  dry  or  In 
a  water  solution.  If  added  dry,  holes  in  the  cover  will  allow  rain  or  frequent 
hosing  of  test-area  to  carry -the  chemical  Into  the  soil  If  the  rod  is  located  outside  • 
of  the  facility.  An  actual  r-od  Installation  is  shown  in  Figure  5-23,  using  this 
method.  ..V; 

5. 5. 2  MEASUREMENT  OF  GROUND  RESICTANCE 

In  areas  such  as  a  desert  rocket  test  facility  where  chemical  treatment  of  the  soil 
is  necessary  to  maintain  a  low  resistance  earth  connection  for  the  safety  of  per¬ 
sonnel,  it  is  also  necessary  to  monitor  the  status  of  this  resletanee  because  the 
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Joined  Ground  Rods  for  Deep  Driven  Rod  Installations 

chemicals  will  deteriorate  with  climate  and  soil- mojsture  conditions  causing  the 
rod  to  earth  resistance  to  Increase,.  /■ 


There  are  three  basic  methods  of  measuring  the  resistance  of  ground  rod  to  eartli 
resistance: 


a.  Three-point  method 

b.  Fall-of-potentlal  method 

c.  Ratio  method 


The  resistance  of  the  rod  installation  should  be  measured  at  the  time  of  Install. 


tion  and  should  be  checked  every  two  months  after  the  installation  for  one  year  and 


twice  vearlv.thereafter,  ' 

The  most  convenient  method  to  use  is  the  fall-of-potentlal  inethod.  With  the  use 
of  a  small  hand  generator  set  (called  a  Megger)  a  known  current  Is  passed  through 
the  ground  rod  being  tested  and  one  of  the  two  auxiliary  earth  electrodes.  The 
potential  drop  between  the  ground  rod  and  the  other  auxiliary  earth  electrode  la 
measured  and  the  ratio  of  this  potential  drop  to  the  knowh  current  Indicates  the 
resistance  to  ground  of  the  ground  rod.  The  diagram  for  this  test  showing  an  AC 
current  supply  is  Illustrated  la  Figure  5-24.  j 
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Trench  for  Chemical  Treatment  of  Soil 
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Ground  Rod  Installed  Inside  Tile  Pipe 


Fall-of- Potential  Method  of  Ground  Rod  to 
Earth  Resistance  ?4easuremeiit 


The  following  procedure  outlines  the  steps  required  In  making  a  resfslitiice  test 
using  the  Megger  Inetruirent.  For  more  epeclflc  information  concerning  this 
instrument,  contact  the  James  G.  Biddle  Co.,  12092  Foster  Road,  Los  Alaipitos, 
California. 

Referring  to  Figure  5-25  perform  the  following  procedures: 

a.  Drive  two  reference  or  auxiliary  electrodes  in  a  straight  line 

with  the  ground  rod  being  tested.  . ' 

b.  Connect  the  wires  to  the  rods  according  to  the  Instructions 
given  for  the  Instrument  or  as  shown  in  Figure  5-25. 

C.  The  rods  are  kept  in  this  position  for  each  particular  location. 

d.  The  rod  spacing  Is  as  follows:  - 

1,  Rod  P2  Is  60  feet  from  test  rod 

2.  Rod  Cg  is  100  feet  from  test  rod 

The  various  methods  and  equipment  available  to  measure  the  soil  resistivity  and 
ground  rod  to  earth  resistance  is  well  documented  In  available  literature.^®' 

5.6  MAINTENANCE  OF  EARTH  GROUND  CONNECTION 

Maintenance  of  the  earth  connection  requires  periodic  inspections  of  the  system 
to  assure  that  the  resistance  of  the  earth  connection  does  not  increase  with  time 
and  exceed  intended  design  limits.  Changes  In  resistance  can  occur  due  to 
corrosion  of  connections,  loosening  of  connections,  and  changes  in  soil  resistivity. 


Soil  resistivity,  In  turn,  may  vary  seasonally,  or  due  to  a  falling  water  table,  or 
because  of  depletion  of  chemicals  which  were  added  during  installation  to  lower 
soil  resistivity.  Periodic  checks  are  the  only  means  of  monitoring  the  resis¬ 
tance  of  Ute  earth  connection. 

,  ,  NOTE 

Periodic  inspections  should  be  made  every  two  months  for  the 
first  year  following  Installation  to  record  seasonal  variations. 
Thereafter,  Inspections  should  be  made  twice  a  year.  Checks 
should  include  the  following: 

a.  A  visual  hispection  of  all  connections.  Connections  should 
be  Inspected  for  both  tightness  artd  corrosion. 

b.  Ground-resistance  measurements  should  be  made.  This  Is 
especially  Important  where  chemicals  are  used  to  lower  soil 
resistivity  because  chemicals  are  depleted  wltli  time  and 
must  be  replaced  periodically. 

An  Increase  in  resistance  which  exceeds  design  limits  and  cannot  be  corrected  by 
clearing  and  tightening  connections  will  require  expansion  of  the  earth  ground, 
connection  system. .  Installation  of  additional  ground  electrodes  and/or  chemical 
treatment  will  probably  be  required. 

5.7  ROUTING  OF  SIGNAL  CABLES  AND  POWER  CABLES 

When  two  signal  lines  are  placed  close  together  which  have  large  voltage  or  cur¬ 
rent  differences  the  signal  line  with  the  smallest  MgnaTwill  be  influenced  by  the 
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other  llfie  because  of  the  capacitive  coupling  between  them.  Also,  If  one  line  fs 
carrying  large  amounts  of  current  ^^^^lch  Is  varied,  as  In  a  60  cycle  power  line, 
a  magnetic  field  Is  produced  around  the  power  line  which  will  be  coupled  Into  the 
adjacent  wire  as  shown  In  Figure  S-26. 

Because  of  these  two  factors  It  Is  necessary  that  proper  routing  of  all  cables  be 
considered  In  order  that  noise  will  be  kept  at  a  minimum. 

Wiring  can  be  categorized  Into  five  baste  divisions  with  respect  to  sigiuil  and 
relative  power  levels. 

a.  liow  frequency,  low  voltage  Instrumentation  lines. 

b.  DC  control  lines,  with  DC  level  switches  and  noise  producing  solenclds 
and  relays. 

c.  Digital  wiring  with  high  freiiuency  switching  pulses. 

d.  ■  High  frequency  video,  such  as  closed  circuit  TV  and  telemetry. 

e.  AC  power  wiring. 


FIGTOK  5-28  ? 

Magnetic  Coupling  of  Hlgli  Level  Signal  '  -4 

Into  Low  Level  Signal  Circuit  .  | 


Category  A 

a.  Wiring  In  category  (A)  originating  at  the  test  stand  shmilfi  be  routed  to  the 
data  Instrumentation  system  by  conduit  or  cable  trays  v/htch  do  not  contain 
any  wiring  In  the  other  categories, 

b.  When  this  wiring  Is  carried  into  the  data  system  area  It  should  be  broken 
•  out  into  an  area  which  Is  as  close  to  the  Input  devices  ao  poeslbie. 

C.  Wiring  In  the  other  categories  should  not  be  allowed  to  Come  within  three  , 
feet  of  this  wiring,  if  possible, 

d.  The  ACpower  circuits  and  low  level  signals  usually  must  be  routed  In  the 

equipment  rack.  Under  this  condition  all  wiring  In  category  (A) 
should  be  routed  In  the  upper  extremities  of  tJie  cabinet  while  the  Wiring 
In  category  (E)  be  routed  In  the  lower  extremities  of  the  cabinets, 

e.  The  crossing  of  tlicse  to  wiring  categories  should  be  kept  to  a  minimum. 
One  example  Of  how  thle  can  be  accomplished  Is  illustrated  In  Figure  5-27, 

Category  B 

Category  (B)  will  not  be  effected  greatly  by  the  wiring  of  category  (E),  There¬ 
fore,  the  routing  of  control  wiring  can  be  such  that  tliese  U'o  categories  can. 

If  necessa'ry,  share  common  conduit  or  cable, trays. 

Category  C 

a.  Digital  wiring  In  category  (C)  Is  a  very  good  noise  generator  and  must  be 
kept  confined  to  the  digital  system  as  much  as  possible, 

b.  If  Instrumcntailon  cables  are  routed  Into  an  area  with  digital  wlrlng  all 
Instrumentation  cable  wiring  must  be  twisted,  shielded,  and  routed  In  such 
a  way  as  to  provide  a  maximum  separation  of  the  two  types  of  wiring. 

Category  D 

a.  Video  signals  from  telemetry  and  closed  circuit  TV  are  becoming  more 

common  In  a  rocket  test  facility.  ^ 

b.  If  carried  in  conduit  or  cable  trays  tlie  cables  should  be  placed  in  a  manner 
which  gives  maximum  separation  of  category  (Ai-and  (D), 

c.  The  other  wiring  categories  are  not  particularly  sensitive  to  this  type  cf 
signal  and  the  routing  of  this  wiring  is  not  too  critical. 

Category  E 

a.  AC  power  cables  and  power  distribution  wires  which  are  routed  Into  data 
Instrumentation  cabinets  must  be  twisted  In  order  to  reduce  the  radiation 
of  60  cycle  fields  Into  sensitive  low  level  circuits, 

b.  .AC  power  should  be  routed  In  metallic  conduit  inside  the  cabinets  so  that 
the  conduit  wilt  serve  as  a  shield  over  the  power  wires, 

C.  When  conduit  Is  used  in  this  way,  care  mast  be  exercised  to  Insure  that 
the  equipment  ground  isolation  is  maintained. 

5-28  ' 


FIGURE  5-27 

Distribution  ot  Instrumentation  Wiring  and 
Power  Wiring  In  Equipment  Cabinet 

5.8  LOW  RESISTANCE  CONTACT 

In  a  rocket  test  facility  the  frequent  contamination  of  the  air  surrounding  the  test 
stand  and  Inside  a  test  chamber  causes  corrosive  action  which  can  lower  the  ac-  ■ 
curacy  of  instrumentation  systems.  In  addition  to  the  corrosive  action  of  the 
rocket  fuels,  temperature  cycling  may  produce  condensation  on  metallic  surfaces 
such  as  cable  connector  contacts,  terminal  boards,  ground  wire  bonding  points, 
and  signal  wire  conduit.  The  useful  life  of  these  contacts  under  such  environmental 
Influences  will  depend  upon  the  proper  choice  of  contact  materials  and  finishes 
applied  to  combat  corrosion. 

Corrosion  on  the  contact  pins  of  a  cable  connector,  on  the  mating  surfaces  of  ter¬ 
minal  board  contacts,  etc. ,  can  add  several  ohms  of  resistance  In  the  signal  wire. 

Because  this  resistance  is  not  necessarily  constant  and  may  vary  with  environment¬ 
al  changes,  an  error  can  result  that  cannot  be  compensated  by  calibration  routines. 

Dissimilar  metals,  widely  separated  in  the  galvanic  series  (see  Section  2,  Table 
2-2)  should  not  be  volted,  riveted,  etc. ,  without  separation  by  Insulating  material 
at  the  facing  surfaces.  In  many  circuit  applications  where  dtsBlmillar  metals  are 


required  to  oiake  electrical  contact  with  each  other,  the  two  surfaces  niust  he 
protected  v.'lth  compatible  metal  plating,  e.R. .  electroplating,  hot  dipping. 


In  all  low  level  Instrumentation  circuits  It  is  hlglily  recommended  that  a  thickness 
of  O.O'XiOlS  Inch"  to  0.000020  Inch  electroplating  of  hard,  bright  gold  be  used  on 
the  contacts  to  greatly  Improve  resistance  to  tarnish  oxidation  and  attack  by.'most 
chemicals.  This  gold  plating  will  also  lower  the  electrical  resistance. 


in  an  existing  J.-ic Ulty  where  higher  accuracies  are  desired,  all  signal  lines  being 
used  must  be  checked  for  corrosion  and  all  contacts  In  the  vicinity  of  the  test 
area  which  will  be  subhacted  to  temperature  cycling  and  corrosive  action  of  fuels 
and  chemicals  be  cleaned  and  Inspected  thoroughly  prlcr  to  the  data  run. 

Where  cable  connectors  are  used  to  Interface  between  test  area  or  test  chamber 
and  the  data  equipment,  these  connectors  should  be  protected  from  the  corrosive 
environment  by  enclosing  the  cable  connectors  in  a  hermetic  type  enclosure  on 
the  side  to  be  subjected  to  the  corrosive  environment. 


In  order  to  illustrate  how  a  10  ohm  series  corrosion  resistance  in  a  low  level 
Instrumentation  signal  wire  can  contribute  error  in  a  measurement,  consider  a 
signal  current  of  1  MA,  a  voltage  of  10  UV  will  result  across  this  resistance.  If 
a  high  speed  digital  data  acquisition  system  with  an  accuracy  of  0. 1%  and  a  full 
scale  Input  signal  of  10  MV  from  tne  transducer,  the  digital  system  is  able  to 
sense  a  signal  change  of  10  UV.  Thus,  the  resistance  contributed  by  poor 
electrical  contact  and  corrosion  can  add  significant  e^■ror  to  the  data  which  will 
be  detected  by  the  data  system. 


APPENDIX  A 


Earth  Resistivity 


Assume  a  metaliic  sphere  of  radius  A,  surface  area.=  4»A  which  is  shown  In 
Figure  A- 1,  thus  for  this  analysis  hall  the  sphere  wili'be  considered. 


FIGURE  A-1 

Metallic  Hemisphere  Burned  Into  Earth  With  Radius  A.  (From 
J.  R.  Eatun,  "Grounding  Electric  Circuits  Effectively,"  G.E.  Review,  June  1941) 

The  resistance  offered  to  a  flow  of  current  from  the  sphere  will  be  that  ooil  im¬ 
mediately  surrounding  and  in  contact  with  the  hemisphere^ 

Given: 

.> 

Resistance  of  a  conductor  of  uniform  cross- section  is  ,  •. 


where  ■ '  ’  ■  ‘  ^  ^ 

p  ss  specific  resistivity  of  the  conductor,  ohm-inches 
/  =  length,  inches 

2 

A  =  cross-sectional  area,  inches 

R  can  be  applied  to  the  homisphere  if  the  soil  is  considered  the  conductor  whose 
area  is  increasing  with  distance  from  the  hemisphere,  dx.  At  a  given  distance 
from  the  hemisphere  the  surface  area  will  be  2  thus 


A-1 


The  above  equation  states  that  V:’8  soil  resistance  offered  to  the  hemisphere  is  I  I 

directly  proportional  to  the  earth  resl.'.vity  suvj'ounding  the  hemisphere  and  is  ‘  : 

inversely  proportional  to  the  surface  area  of  the  Vemisphere  or  ground  electrode. 


Table  A-1  gives  some  general  data  'a  earth  re.-.t^tivity  that  considers  only  thi  type 
of  soil  and  not  environmental  conditions. 


.  SOIL 

RESISTANCE  (OHMS) 
5/8  IN.  X  5  FT.  RODS 

RESISTIVITY  „ 
(OHMS  PER  cm3) 

Avg. 

Min. 

MiU. 

Avg. 

Min, 

Max. 

Fills 

Ashes,  cinders,  brine 

waste 

14 

3.5 

41 

2,370 

590 

7,  000 

Clay,  shale;  •  gumbo, 
loam 

24 

2 

08 

4,  060 

340 

16,  300 

S;vme-wlth  varying  pro¬ 
portion  of  sand  and 
gravel 

93 

6 

800 

15,800 

1,020 

135,  000 

Gravel,  sand,  stones,  with 
little  clay  or  lojim 

554 

35 

2,  700 

94,000 

59,000 

458,  000 

^Bureau  of  Standards,  Technical  Report  No. 

100. 

TABLE  A- 1  , 

The  Resistivity  of  DifiBrent  Soils* 


The  resistivity  of  soli  varies  at  different  depths  below  the  surface  because  of 
three  variables. 

a.  Moisture  ■ 

b.  Temperature 

c.  Soil  composition 

Variations  of  soil  resistivity  with  moisture  are  very  important  since  a  very  good 
low-lmpedauce  ground  connection  might  become,  due  to  fluctuattons  of  the  moiS’- 
ture  content  of  the  soU,  a  very  high  resistance  ground  that  would  effectively  com¬ 
promise  the  ground  system,  (See  Table  A- 2).  For  this  reason  grouivl  rod  instal¬ 
lations  should  be  periodically  Inspected  and  monitored  to  insure  the  quality  of  the 
grounding  system.  .  •  ,  ^  - 
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RESISTIVITY  (OHMS  PER  CM  CUBE) 

MOISTURE  CONTENT 
(PERC.ENT  DY  WEIGHT) 

TOP  SOIL 

SANDY  LOAM 

0 

>  1, 000  X  10® 

>  t,'000  X  10® 

2.5 

250,  OPO 

lEO,  000 

5 

165,000 

43,  000 

10 

53,  000 

18,500 

15 

Ifl,  000 

10,500 

20 

12,000 

6,300 

30 

6,  400 

4,  200 

^P.  J.  Higgins,  "An  Investigation  of  Earthing  Resistances, 

"  lEE  Journal,  Voi.  68, 

p.  136 

TABLE  A- 2 
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The  Effect  of  Moisture  Content  on  the  Resistivity  of  Soil 

Another  important  environmental  factor  that  influences  soil  resistivity  is  ambient 
temperature.  For  wide  variations  in  temperature,  the  resistivity  of  the  soil  has 
shown  wice  variations  in  value.  The  effect  of  temperature  on  the  resistivity  of 
soil  is  iisted  in  Table  A-3. 


SANDY  LOAM: 

15.  2%  MOISTURE 

TEMPERATURE 

RESISTIVITY  . 

•f 

(Ohms/cm®) 

20 

68 

7,200 

10 

50 

«,900 

0  (water) 

32 

13,800  >• 

0  (Ice) 

30,  000 

-  5  .  ■ 

23 

78,000 

-15 

14 

330,000 

TABLE  A-3  . 

The  Effect  of  Temperature  on  The  Resistivity  of  Soil 

If  temperatures  vary  between  20‘’F  and  iOO*F  in  a  particular  locality,  according 
to  the  season,  it  is  usually  found  that,  approximately  three  feet  below  the  surface, 
the  swing  is  not  nearly  as  wide,  ' 

The  resistivity  of  the  soilj^ie^t  different  depths  below  the  surface  because  of 
the  composition  of  6oil^.J<:  the  various  layers,  and  the  physical  position  of  the  soil 
within  the  iayer8j,..<^gure  A-2  shows  this  variation  of  resistivity  with  depth.  The 
conductance>r^iprocal  of  resistance)  is  plotted  to  jshow  a  more  meaningful  rela- 
tionshjp.^  the  point  at  the  lower  end  of  the  gre  nd  rod.  It  will  be  noted  frorn 
curves  that  the  sharp  increase  In  conductance,  after  30  te.et.  Is  doe  to  ’ 
ambient  climatic  Conditions  no, longer  affecting  this  parameter  In  any.  way.  ' 
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FIGURE  A- 2 

Resistance  and  Conductance  Curves  As  a  Function  of  Rod  Depth 

Since  It  has  been  established  that  areas  of  high  resistivity  exist  in  which  ground 
rods  must  be  driven  for  a  particular  installation,  It  will  be  shown  that  in  certain 
situations  It  is  practical  to  treat  the  soil  around  the  ground  rods  so  that  ground 
resistivity  may  be  reduced.  This  treatment  merely  consists  of  mixing  tlia  soil 
around  the  ground  rods  with  tine  common  salt  (sodium  chloride)  before  the  soil  is 
compacted  into  place.  Data  are  available  that  show  that  for  sandy  loam  with  a 
moisture  content  of  15  percent  by  weight,  and  an  ambient  temperature  of  40'’f, 
the  addition  of  salt  to  the  value  of  0. 1  percent  of  the  weight  of  the  moisture  reduces 
the  resistivity  by  a  factor  of  10,  and  the  addition  of  salt  to  the  value  of  20  percent 
of  the  weight  of  the  moisture  reduces  the  resistivity, by  a  factor  of  100, 

When  salt  is  used  to  treat  the  soil  around  electrodes,  it  must  be  remembered  tliat 
salt  will  be  dissolved  away.  Figure  A--3  shows  how  the  resistance  varies  as  the 
salt  content  reduces  over  an  Interval  of  time.  Resalting  reduces  the  resistance 
again.  Salting,  to  obtain  a  low  ground  resistance,  therefore,  requires  periodic 
maintenance  do  assure  that  a  low  ground  reslstai^e  is  being  kept. 

The  forniula  for  the  approximate  resistance  to  the  flow  of  current  away  from  a 
rod  or  pipe,  driven  vertically  Into  the  earth  is  as  follows; 


100  0  log  ^ 


(in  ohms)' 


where 


Put  the  resistivity  of  the  surrounding  soil  in  meter-ohms 
1“  the  len^h  of  the  ground  rod  In  centimeters 
D=  is  the  diameter  of  the  ground  rod  in  centimeters 
Figure  A-4  shows,  graphically,  the  approximate  results  of  the  above  equatioru 


FIGURE  A-3 

Changes  In  Resistance  of  a  Ground  Connection 
In  Response  to  Presence  of  Salt  Over  a  Considerable  Period 


APPENDIX  B 

Cable  Characteristics  and  Formulas 


These  formulas  and  characteristics  are  useful  for  resistance  and  impedance 
calculations  for  electrical  conductors  and  coaxial  cable. 

Length  and  Weight 

Weight  (ib./lOOO  ft.) 

■  d^  XaXO. 34049  X10“^ 

Length  (ft. /lb.) 

--V  X  4-  X  2.9369  X  lO® 

d  “  diameter  of  wire,  mils 
6  «  density  of  the  wire  material 

Total  Resistance 


R 


K  X  1 
CM 


R  ■  resistance,  ohms, 

1  *  length  of  wire,  ft,, 

CM  «=  circular  mil  area, 

K  «  resistance  of  one  mil-ft 


Density 

.  6 


X  d 


ohms  ■ 


6  •>  density,  grams/cc. 

w 

a  =  weight  In  air,  grams 
Wj  «  wei^t  in  liquid,  grams 
d  •=  density,  grams/cc. 

Temperature  Correction 

Rj  =  Rq  {  1  +  «  (t  -  tp)] 

Rj  «  resistance  at  operating  temperature 
Rq  =  resistance  at  a  known  temperature 
t  '  «=  opeiatlng  temperature  . 

Iq  »  temperature  for  a  kn07jn  resistance 
a  «  temperature  coefficient  of  resistance  at  t^ 
(0.00393/degree  C  at  29°  C.). 


Areas 


Area,  circular  mils  = 


Area,  square  mils  =  Thickness  X  Width  (In  mils) 
Convert  circular  mils  to  square  mils;  d^  X  0,7654 


Convert  square  mils  to  circular  mils;  Sq.  Mils  X  1.2732 


Traneniission  Line  Characteristic  Inqiedance  (Zq): 
Single  Coax  Line 


JL 

~  d 


■^0  ^ 
e  =  dielectric  constant, 

D  =  inner  diameter  of  outer  conductor, 
d  =  outer  diameter  of  Inner  conductor. 


Balanced  Shielded  Line 


276 


logjo 


'  -i22-ln 


D 


V  - 


» 

d 

h 


inner  diameter  of  outer  conductor 
outer  diameter  of  inner  conductor 
distance  between  two  inner  conductor  centers 


Open  Two-Wire  Line  in  Air 


Zq  -  120  cosh" 


-  276  1ogj^j-^ 


.m 


120  In 


JJl. 


d 

D 


outer  diameter  of  conductors 
distance  between  conductor  centers 


Capacitance  of  Coax  Cable 

,  c’  ^ 


.,....7.3ge. 


=  capacitance,  ppf/ft., 

=  dielectric  constant, 

=  Inner  diameter  of  outer  conductor 
•  outer  diameter  pMnner  conductor 
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Attenuation  for  Copper  Coax  Line 


0.1 


1  (i  *  d)  'P' 


A  -  4.35—^  +  2.78  ^  (pf)  f 


Rj  =  total  line  resistance  in  ohms  per  100  ft. 

Rq  a  characteristic  Impedance  of  coax  ' 

D  «=  Inner  diameter  of  outer  conducter  In  inches 
d  =  outer  diameter  of  inner  conducter  In  inches 
c  =  dielectric  constant 
A  ’  -  attenuation  In  db  per  100  ft. 

(pO  *=  power  factor  of  dielectric  medium 
f  =  frequency  In  megacycles 


Common-Mode  Equations 


The  term  "common-mode'"  defines  a  mode  of  operation  of  an  etoctronic  device  the 
same  as  the  term  "normal-mode."  Common-mode  for  a  differential  amplifier  re¬ 
fers  to  its  response  to  a  common-mode  signal  as  shown  in  Figure  C-1. 


FIGURE  C-l 
Comi.ion-Mode  Voltage 


E  is  a  common  voltage  to  both  input  terminals  A  and  B.  Therefore,  E  is  a 

ciii  »  cm 

coniraoH'-mode  voltage,  on  the  other  hand  s  a  normal  or  *'normai-mode*^ 
voltage  and  E^^  times  the  amplifier  gain  K  prciduces  output  E^j. 

A  perfect  differential  device  will  have  no  response  at  its  output  as  a  function  of  a 
common-mode  signal.  The  ability  of  a  device  to  reject  a  common-mode  signal  is 
ils  "common-mode  rejection  ratio, "  CMR. 


This  meahs  that 


Note  also  that  U  R2'5  0  in  h'lgure  C-2,  becomes 
if  Z ,  »  R,  then 


and  CMR  w 


It  is  interesting  to  observe  the  relationships  among  Rj,  Zj,  Rg,  and  Z^.  To  sim¬ 
plify  the  analogy  which  follows,  Zj  ar>d  Zg  will  be  assumed  to  be  capacitive  reac¬ 
tances  Xgj  and  Xc^  respectively.  Figure  C-3  illustrates  the  appropriate  sections 
of  the  circuit  to  be  considered. 


FIGURE  C-3 
Common-Mode  Circuit 


A  "common-mode  circle"  may  be  used  to  illustrate  the  dividing  function  of  Rj, 

,  and  Rg  X^.  .  This  is  given  in  Figure  C-4.  , 

An  interesting  feature  of  the  common-mode  circle  is  that  it  may  graphically  dem 
onstrate  the  three  methods  oy  which  common-mode  error,  can  be  reduced: 

a.  Decrease  -  By  dacr^sing  the  other  segments  of  the  diagram 
decrease  proportionately.  CMR  (the  ratio  of  to  E^^)  will  remain  con¬ 
stant,  however  E,  the  error  voltage  wUl  be- reduced. 


nCURE  C-4 
Common-Mode  Circle 

b.  Balance  with  -  By  manipulation  of  Rj  and  R2,  the  error  voltage 

Bjj  may  be  reduce  to  rero.  This  is  mechanically  illustrated  in  Figure  C-4  by  con¬ 
verging  the  two  points  A  and  B  on  the  ctrcie. 

c.  Increase  Xcj,  Kc^  •  Slnci  X^,  -  ^cj  ^2 

Increased  by  decreasing  each  of  the  Iwo  capacitances.  If  both  X^'s  are  increased 
sufficiently  then  the  two  points  A  and  B  vdll'move  to  the  extreme  left  of  the  circle 
causing  and  Ef  to  diminish  to  negligible  values.  therefore  diminishes. 
This  technique  for  tfecreaslng  E^^  Is  that  which  is  accomplished  by  high  CMR 
within  an  Isolated  differential  amplifier  and  optimum  shielding  of  the  input  signal 
lines. 


] 
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APPENDIX  D 

<  Digital  System  Accuracy 

There  are  several  methods  by  which  the  accuracy  of  A/D  Data  Acquisition 
Systems  can  be  determined.  The  method  used  should  be  practical  yet  compre* 
hensive  and  rigorous.  U  the  only  systoni  output  method  available  Is  a  digital 
display,  then  the  accuracy  measurement  should  be  based  on  this  device.  A  most 
comprehensive  technique  Is  computer  analysis.  This  Is  also  extremely  rigorous 
and  practical  If  a  method  for  transferring  the  dlgititl  data-  Into  a  computer  la 
readily  available. 

The  information  given  below  applies  primarily  to  computer  analysis  for  system 
accuracy  determinations.  However,  abbreviations  trf  the  methods  can  be  used 
where  system  readout  devices  arc  limiting. 

Precision  Error  Op 

System  precision  is  perhaps  the  most  significant  factor  relating  to  performance 
quality.  Precision  Is  commonly  measured  In  terms  of  precision  error,  Op,  which 
is  the  three-sigma  (3*)  deviation  from  the  mean  count  value  In  percent  of  full 
scale.  , 

Three  slgnu  Is  best  described  by  reference  to  Figure  D-l. 

The  graph  of  Figure  D-l  describes  a  gausslan  or  random  distribution  of  count 
values  about  the  mean  count  value  x",  "x  Is  calculated  by  taxing  h  data  samples 
and  then  averaging  them,  n  should  be  large  enough  so  that  by  increasing  n,  no 
appreciable  change  is  noted  inlT. 

in  Figure  D-l,  Xls  shown  to  luvve  the  highest  frequency  of  occurrence  while  count 
values  above  and  below  Toccur  less  frequently. 


Three-sigma  is  a  measure  of  the  deviation  ol  count  values  from  the  mean  count 
value  K  3f  is  statistically  determined  by  applying  the  following  forrnula. 


3*  «  3- 


Xj  B  individual  sample  count  values 


±3<x  SPREAD 


(+COUNT  DEVIATION) 


(-COUNT  DEVIATION) 


FIGURED-! 

Frequency  Distribution  of  Count  Values  -  Gaussian  Curve 


By  definition,  the  t3«  deviation  includes  99. 73%  of  the  n  samples  taken  to 
calculate  "jr.  Those  samples  beyond  thu  limits  are  shown  at  the  outer  edges 
ol  the  bell  shaped  cur/e  of  Figure  D-T.  • 


e„  is  defined  as: 


where 


Full  scale  count  value  of  system 


Cp  can  be  measured  for  a  single  channel  or  for  all  clxannels  of  a  digital  system. 
The  measurement  usually  consists  of  connecting  a  precision  voltage  source  In 
the  zero  to  full  scale  range  at  the  channel  Input  and  making  a:dig{fal  tape  record' 
ing  of  ;the  resulting  data.  The  tape  is  then  t.aken-  to  a  comp-ater  facility,  for 


I 

i 


+6484 

+6485 


TABLE  D-I 


processing.  The  computer  output  will  ordinarily  be  a  line  printer  with  Cp  listings 
for  all  channels  and  Input  voltages  which  are  Included  In  the  system  accuracy  test. 


A  sample  calculation  of  Is  glveii  In  Table  D-1. 


l>-3 


"p  “IS®*  ‘00 

7 


Bp  a  *.  02046% 


Unearitv  Error  e 


Linearity  Is  measured  ti.  terms  ol  deviation  Irora  linearity  (linearity  error).  A 
generally  accepted  mettiod  of  measurement  is  to  establish  a  straight  line  by  . 


Count 

Value 


Number 
Of  Times 


t  (X,  -  X)* 


X,  Occurs  (f) 


+8479 

+6480 

+6481 

+M|2 

+6483 


taking  twoT points,  o  e  at  0%  full  scale  input  and  the  other  at  90%  full  scale  input 
This  should  be  done  o  icc  for  each  polarity  In  a  bl-polar  system.,  figure  D-2 
describes  the  naethod '>nd  shows  hou>  the  resulting  e.  Is  obtained. 


AVERAGE 

OUTPUT 

COUNT 


SYSTEM  INPUT  VOLTAGE 


FIGURE  D-2 

Output  Average  County  vs.  Input  Voltage  x 


Once  the  two  points  A  and  B  are  established,  a  theoretical  point  C  may  be  found 
for  any  theoretical  Xj.,  When  Xj.  Is  applied  and  point  D  actually  results,  an  error 
is  Indicated  which  is  a  function  cf  the  difference  between  points  C  and  E.  The 
corresponding  IT values ‘x-j  and  Xp  are  used  to  give  the  error  value. 


Xp  Is  the  actual  x  resulting  from  input  x. 


Xp  Is  calculated  by 


In  a  computer  analysis  It  Is  usually  sufficient  to  taJce  10  Xg  points  for  the  linearity 
determination.  These  can  be +0%,  +90%,  +70%,  +59%,  +20%,  -0%,  -90%,  -70%, 
-50%,  and  -20%. 

A  sample  caiculation  of  linearity  error  ej^  is  given  below: 

Given-  „ 

=  +8200 
=  +0100 
=  +4895 
=  +4503 
=  10,000 


*90% 


*0% 


'"E. 


•then 


0100  +  4895  •=  4505 

+4505  -  4503 


10,  000 
0,  02% 


X  100 


The  system  e^  Is  the  maximum  e^^  found  for  any  Xj,  Input, 

Comno'n-Mode  Rejection  CMR 

Many  digital  systems  have  single-ended  Inputs  and  therefore  axe  not  subject  to 
CMR  tests.  If  differential  inputs  are  used,  a  difference  In  precision  errors  may 

be  used  as  an  approximation  to  determine  CMR.  If  3,  «  *3  count  error 

CMR 

with  common- mode  voltage  applied  and  3,  «=  ±3^  count  error  without  common¬ 
mode  voltage  applied  then 


CMR 


(CMV)  (Xp) 


CMR 


where 

CMR  =  peak  common-mode  voltage  applied 
Xp  =  Full  scale  digital  count 
Ej.  =  Full  scale  voltage  input 
EXAMPLE 


Oivcn; 


3  -  =30  counts 

;  CMR 

3^  =  20  counts 

CMV  =  10  volts  peak 


Xp,  .  =  10,  000  counts 
Ep  =  5  mlillvoKs 


10  (10,000) 

(40  -  20)  (5  X  10*'’) 


1,  000,  000 


Note  that  both  cotnmon-mode  rejection  and  channel-to-channel  common- mode 
rejection  can  be  approximated  by  the  above  expres.slon  depending  on  test  set-up. 

Note  also,  that  since  3.  Is  obtained  using  a  sinusoidal  error  contributor 
CMR 

CMR,  precaution  must  be  taken  to  Insure  that  a  sufficient  number  of  samples  n 
are  taken  to  stabilize  3 

'ChOl. 


Theoretical  Error  Analysts 


In  order  to  specify  the  accuracy  of  a. digital  A/D  system  before  It  Is  manufactured, 
It  is  necessary  to  make  a  theoretical  error  analysis. 


.  •  *  *  ».  fc  j-'-J  •  V 


Precision  error  e^  Is  a  combination  of  all  gaussian  type  errors  contributed  by 
comiJonents  of  the  system,  ep  Is  determined  as  follows; 


Each  contributing  error  e.  Is  in  Itself  a  maximum  error  taken  as  percent  of  full 
scale:  . 

e^  =  noise  error 

Og  =  "ombined  zero  and  gain  stability  error  taken  at  constant  tempera 
ture  and  over  a  specified  period  of  time  (1  hr,  8  lirs,  40  hrs, 

6  months  etc. ) 

e^  =  drift  error  due  to  temperature  change.  This  error  Is  calculated 
by  using  the  component  temperature  coefficient 

e^,  «=  Common-mode  error  taken  at  0  to  60  CPS  with  a  spec  if  led 'line 

unbalance  and  peak  common-mode  voltage  (may  be  omitted  from 
Op  if  e^  Is  to  be  measured  independently) 

(peak  common-mode  voltage)  x  100 _ 

®c  (common  mode  rejection  ratio)  (full  scale  input  voltage) 

Cjj  =  cross  talk  error 

®m  “  A/D  system  error  due  to  commutation,  sample-and-'bold  buffer 
amplifier,  A/t)  converter,  etc. 

Linearity  error  is  taken  directly  from  specified  component  non-linearities. 

Cjj  is  the  direct  sum  of  all  component  non-linearities.  : 

Measured  system  errors  should  be  equal  to  or  better  than  those  determined  by 
theoretical  analysis  as  given  above.  .  • 


■  .i  APPENDKE 

!  Glossary 

ACCEPTANCE  TEST:  A  test  made  to  demonstrate  the  degree  ot  compliance  with 
specified  .  equlrements. 

ACCURACY:  Freedom  from  error.  Accuracy  contrasts  with  precision^  e.  g. ,  a 
four-place  table  correctly  computed  Is  accurate;  a  six-place  table  containing  an 
error  is  more  precise,  but  not  accurate. 

AIRCRAFT  WIRE:  An  electrical  wire  primarlly  designed  for  the  extreme  con¬ 
ditions  (temperature,  altUutde,  solvents,  fuels,  etc.)  of  Airborne  equipment. 

AIR  SPACED  COAX:  A  coaxiai  cable  in  which  lar  is  basically  the  dielectric 
material.  The  conductor  may  be  centered  by  means  of  a  spirally  wound 
synthetic  filament,  beads  or  braided  filaments.  This  construction  is  also 
referred  to  as  an  Air  Dielectric. 

ALLOY:  A  metal  made  by  the  fusion  of  two  or  more  metals. 

ALTERNATING  CURRENT  (AC):  Electric  current  ttw.t  reverses  its  flow  in  each 
direction  at  regular  alternate  intervals.  The  frequency  of  the  change  in  flow  is 
expressed  in  cycles  per  second. 

ALUMEL:  An  alloy  used  for  thermocouple  and  thermocouple  extension  wire. 

AMBIENT  TEMPERATURE:  The  temperature  of  a  surrounding  cooling  medium, 
such  as  gas  or  liquid,  which  comes  into  contact  with  heated  parts  of  nn  apparabjs. 

AMPERE:  The  unit  expressing  the  rate  of  flow  of  an  electrical  current.  One 
ampere  is  the  cun  eat  flowing  through  one  ohm  resistance  with  one  volt  pressure, 

AMPLIFIER,  BUFFER:  An  amplifier  used  to  isolate  the  output  of  any  device; 
e.g. ,  oscillator,  from  the  effects  produced  by  changes  In  load  from  subsequent 
circuits.  . 

ANALOG-TO-DIGITAL  CONVERTER  (ADC.1:  An  instrument  used  to  cinvert  analog 
voltages,  either  low  level  (  ±10MV  full  scale)  or  high  level  (±  lOV’  full  scale) 
voltages  to  digital  binary  coded  values  which  are  proportional  to  the  analog  input 
voltages. 


ANC-68:  This  military  spscUicatiJn  covers  2  and  3  conductors,  18  AWG  through 
6  AWG  flexible  portable  type  power  cord. 

ANC-161:  This  military  specification  covers  low  tension,  aluminu  a  ocnductor. 
Insulated,  single  conductor  cable  for  aircraft  use. 

ANGLE  OF  AOVANCF:  The  angle  between  a  line  perpendicular  to  the  axis  of  the 
cable  and  the  axis  of  any  one  member  or  strand  of  the  braid. 

ANJC-48A:  This  military  specification  covers  low  tension,  copper  conductor, 
insulated,  single  conductor  cable  for  aircraft  use. 

ANTENNA  WIRE:  A  wire  usually  of  high  tensile  strength  such  as  C^pperweld, 
Bronxe,  etc. ,  with  or  without  insulation  used  as  an  Antemia  for  RaciO  and 
Electronic  equipment. 

ARC:  Complete  breakdown  of  *.he  gas  dielectric  between  two  conducting  surfaces 
or  electrodes  as  a  result  of  ionization  of  the  gas  by  a  high  voltage  gradient. 
Evidenced  by  intense  incandescence  of  the  gas. 

ARMATURE  WIRE:  Stranded  annealed  copper  wire,  straight  lay,  soft  loose  white 
cotton  braid.  It  is  used  for  low  voltage,  high  current  rctor  winding  motors  and 
generators.  Straight  lay  permits  forming  in  armature  slots  and  compressibility. 

ARMORED  CABLE;  A  cable  covered  with  a  heavy  outer  braid  of  metal  or  spiral 
steel  tapes  for  the  purpose  of  mechanical  protection. 

ASBESTOS:  A  non-metallic  mineral  formed  in  the  earth's  crust;  when  fabrized, 
it  is  useful  as  an  insulating  material  on  wire  because  of  Its  resist>r>ce  to  heat 
and  flame,  as  well  as  its  Insulating  properties.  . 

ASKSA:  Armed  Services  Electro  Standards  Agency. 

ASPHALTED  BRAID;  A  textile  braid  on  wire  impregnated  with  a  petroleum  deri¬ 
vative  much  like  tar.  The  application  of  such  a  braid  affords  some  degree  of 
weatherproofing. 

ASTM-  American  Society  for  Testing.  An  organization  that  tests  materials  and 
attempts  to  set  standards  on  various  materials  for  Industry. 
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ATTENUATION:  Attenuation  is  a  general  term  used  to  denote  a  decrease  in 
ma^itude  in  transmission  from  one  point  to  another.  It  may  be  expressed  as  a 
ratio  or,  by  extension  of  the  term  in  decibels. 

AUDIO. CHANNEIj  WIRE:  A  small  diameter  shielded  and  {acketed  wire  used 
primarily  in  Radio  and  Television  for  wiring  consoles,  panels,  etc. 

AUTO  PRIMARY  WIRE:  A  single  or  multi  -conductor  wire  used  for  original 
equipment  or  replacement  on  Automotive  Products.  Ncrmally  low  voltage,  resis¬ 
tant  to  oil,  acid  and  weather. 

AWG  -  American  Wire  Gauge:  The  standard  for  copper  wire  sizes.  The  dia¬ 
meters  of  successive  sizes  vary  in  geometrical  progression., 

BALANCED  Lli'lE:  A  transmission  line  consisting  of  two  conductors  in  the 
presence  of  ground,  capable  of  being  operatt  1  ia  such  a  way  that  the  voltages  of. 
the  two  conductors  at  all  transverse  planes  are  equal  in  magnitude  and  opposite 
in  polarity  with  respect  to  ground,  the  currents  in  the  two  conductors  are  equal 
In  magnitude  and  opposite  in  direction. 

BALANCED  LOAD:  In  the  case  of  a  three-phase  power  system,  the  loads  be¬ 
tween  each  of  the  three  phases  are  identical.  For  a  single-phase,  three-wJre 
system  the  loads  between  each  "hot"  wire  and  ilia  neutral  are  identical. 


BALCX):  Wilbur  Driver  Company  Trade  Mark  name  for  a  resistance  wire;  it  is 
used  in  devic  s  where  sell-regulation  by  temperature  is  required;  it  is  an  alloy 
of  70%  nickel  and  30%  iron.  .  " 


BALLISTIC  MISSILE:  A  self-powered  bullet-shaped  weapon  capable  of  carrying 
an  explosive  to  a  distant  target.  Usually  follows  a  predetermined  fixed  course. 
The  name  is  derived  from  arti'Jery  type  ballistic  projectiles, ' 
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vB  AND  S  GAUGE:  Brown  and  Sharpe  wire  gauge  where  the  conductor  sizes  rise 
in  geometrical  progression.  Adopted  as  the  American  Wire  Gauge  standard. 
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BAND  PASS:  Number  of  cycies/sec  expressb.g  the  difference  between  the  limlt- 
:  ing  frequencies  at  which  the  attenuation  to  a  single  frequency  energy  is  the  desired 
amount  (usually  half  power  or  three  DB)  of  the  attenuation  to  single  frequency 
'’energy  at  the  mid  frequency  between  the  two  limiting  points.  ' 


i.' 
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BANDWIDTlIi  The  frequency  range  or  difference  beU'een  the  llniiUng  frequencies 
of  a  band. 

BARE  CONDUCTOR:  A  conductor  nol  covered  with  any  Insulating  nwlerial. 

B.G,;  Abbreviation  for  bare  copper. 

BEADED  COAX:  A  coaxial  cable  In  which  the  dielectric  coa'tsls  of  beads  nade  of 
various  nvuerlals. 

BIT  (A  CONTRACTION  OF  BINARY  D1G«T);  A  whole  number  In  the  blncry  scale 
of  notation.  A  unit  of  Information  taken  with  reference  to  the  logarithm  to  the 
base  two.  This  digit  may  be  only  0  (rcro)  or  1  (one).  It  nay  be  equivalent  to  an 
"ON"  or  "OFF'  condition,  a  "YE.?"  or  a  "NO",  etc.  One  unit  of  inforihation. 

BLOWN  JACKET:  The  common  term  given.lo  an  outer  covering  of  J  isulatiun  of  a 
cabtci  that  wua  applied  by  the  controlled  Inflation  of  the  aired  Jacket  tube  and  the 
pulling  of  tlie  aible  through  It. 

B.M.D.  i  Batltctic  Missile  Divislcn  of  tJie  West  Air  Defense  Command  In  charge 
of  certain  specific  Missile  development  programs  on  the  Raclflc  Coast. 

■  BOND:  Electrical  connection  assuring  a  low  Impedance  path,  usually  to  ground, 
::j;'l>elween  motaUlc  objects  which  do  nol  nornvally  carry  current. 

BRAID:  A  woven  protective  outer  covering  over  a  conductor  or  cable.  It  may  be 
_  composed  of  any  filamentary  materials  such  as  cotton,  glass,  nylon,  tinned  copper, 
,,  stiver,  or  asbestos  fibres. 

BREAKOUT:  A  breakout  Is  the  comnwn  name  given  to  the  exit  point  of  a  conductor  ' 
or  number  of  conductors  from  a  caWe  of  which  they  arc  a  ptrt.  Thta  point  is 
Usually  liai  nessed  or  sealed  with  some  synthetic  rubber  compound. 

BUFFER;  An  isolating  circuit  used  to  avoid  any  reacticr,  of  a  driven  circuit  upon 
the  corresponding  driving  circuit;  c.  g. ,  a  circuit  having  an  output  and  a  multi--: 
"'pUclty  of  inputs,  so  designed  that  the  output  Is  enorgUod  whenever  one  or  rvore 
inputs  are  energised.  Thus,  a  buffer  performs  the  circuit  function  which  U 
equlyalenl  to  the  logical  "OR.” 


BUNA  RUBBER:  A  synthetic  rubber  made  by  polymerization  of  butadiene.  Buna-N 
Is  a  copolymer  of  butadiene  and  acrylonitrile  (CjHjNj).  Bune*S  Is  a  copolymer 
of  butadiene  and  styrene. 

BUNCHED  LAY:  In  a  bunched  lay  conductor  or  cable,  the  stranded  members  are 
twisted  together  bt  the  same  direction  without  reprd  to  geometrical  arrangement. 

BUNCH  STRAND:  A  conductor  In  which  all  Individual  wires  arc  twisted  In  the 
same  dlrcct.oh  without  regard  for  geometrical  arrangement. 


BUREAU  OF  AERONAUTICS:  A  branch  of  the  Navy  pepartment  which  has  cogni¬ 
sance  of  all  Naval  Air  activities;  Is  also  custodian  of  some  assigned  specifications 
for  all  armed  forces. 

BUS;  A  path  over  which  information  or  eitergy  U  transferred,  e.  g. ,  an  electrl- '  ^ 
cal  conductor  or  line. 

CABLE:  A  cable  may  be  a  small  number  of  large  conductors,  or  a  large  ir.imber 
of  small  c<jncluctors,  eable<l  together,  usually  color  coded  and  with  o  protective 
covering  or  jacket. 

CABLF.  ASSEMBLY:  A  cable  assembly  is  a  cable  with  plugs  or  connectors  on 
eacli  end  for  a  specific  purpose.  It  may  bo  formed  In  various  configurations. 


CABU;  CXIRE:  The  portion  of  an  Insulated  cable  lying  under  the  protective 
covering  or  jacket.  •  •  : 

CABLE  PULLERS:  Cable  pullers  are  manufacturers  of  cable  assemblies  who 
fabricate  them  by  pulling  the  conductors  through  a  plastic,  rubber  orneopreno 
tube.  A  catde  puller  is  also  a  tool  for  pulling  cables  through  a  coi^duit. 

CABLE  SHEATH:  A  cable  sheath  Is  a  covering  of  rubber,  neoprene,  resin  or 
lead  over  a  wire  or  cable  core. 
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CALIBRATION;  To  determine  by  measurement  or  comparison  with  a  tianctard, 
variations  between  true  values  and  the  rcadinga  of  an  Uistrurocnt,  • 

CAPACITANCE  (CONDUCTOR):  That  properly  of  a  eystem  of  conductors  and 
dielectrics  which  permits  Ihe.siorage  of  electricity  when  potential  differences 
exist  between  the  conductors,  its  value  Is  expressed  as  the  ratio  of  a  quantity  of 
oiectrlclly  to  a  iwlentlal  dllference.  In  farads  (microfarads).  A  caipacltauce 
value  is  always’posUlve.  ,  :  /  ^  ..  .>  -  :  , 


I 
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CAPACITIVE  COUPLING:  Capacitive  coupling  la  the  association  of  two  or  more 
circuits  with  one  another  by  means  of  capacitance  mutual  to  the  circuits* 

CENTIGRADE:  A  scale  for  measurhig  temperature  on  which  water  boils  at  lOO^’C. 
and  freezes  at  0®C.  as  compared  to  Fahrenheit  on  which  water  boils  at  212°F  and 
freezes  at  32®F. 

CHEMICALLY  CURED  COMPOUND:  Chemically  cored  ojmpounds  are  those 
compounds  which  are  cured  by  chemical  process  rather  than  by  heat  and  pressure. 
In  other  words,  the  basic  compound  is  accelerated  by  adding  chemical  ingredienic 
which  when  mixed  completes  the  curing. 

CHROMAX:  Chronvtx  is  the  trade  name  of  Drh/er  Harris  Company  for  a  resistance 
wire.  It  is  an  alloy  of  35*1  nl'kel,  20%  chromium  and  the  balance  Iron.  It  was  de¬ 
veloped  as  a  cheaper  substitute  for  nlchrome  realstanco  wire. 

CHROMEL-ALUMSL:  The  alloys  used  in  making  Chromel  Alumel  thermocouple 
wires.  Chromel  is  an  alloy  of  nickel  and  chrome  plus  6  other  elements.  Alumel 
is  an  alloy  conUinlng  nickel  ntanganese,  aluminum,  olllcon  and  9  other  elements. 
Chromel  is  non-magnctlc;  alumet  Ls  highly  magnetic.  Chromel  is  the  positive 
wire,  alumel  is  the  negative. 

CIRCUIT  (ELECTRIC):  The  complete  path  of  an  electrical  current.  When  the 
‘  continuity  of  the  circuit  la  broken  it  is  called  an  open  circuit;  when  continuity  is 
.  maintained  it  is  called  a  closed  clrculL  M  : 

CIRCULAR  MIL;  A  circular  mil  is  ,V unit  of  arta  equal  to  Pl/4  of  78,54  percent  of 
a  square  mil.  The  cross-socllonal  area  of  a  circle  in  circular  mils  Is,  therefore, 
.equal  to  the  square  of  Us  diameter  in  mils.  A  circular  inch  is  equal  to  1,000,000 
circular  mils,  ,■  '  , /  "  -  : 

COAX:  Abbreviation  for  coaxial  cable,  A  single  solid  or  stranded  conductor  over: 
which  is  extruded  a  dielectric  material.  An  overall  RF  Sliield  of  wire  braid, 
Mylar-backed  foU,  or  roe*ai  tubin';  is  added  over  the  inner  dielectric  material 
with  an  outer  sheath  of  dielectric  material  extruded  over  the  shield  to  form  a 
protective  covering.  , 

COLD  FLOW:  see  creep. 


COLD  MOLDING;  Shaping  at  room  temperature  and  curing  by  subaequent  baking. 


COIDR  CODING:  Color  coding  la  the  application  of  a  colored  Jacketing  material 
On  the  conducting  wire.  Also  color  coding  may  be  accomplished  by  the  appli¬ 
cation  of  helically  striped  color  on  the  outer  eurfaue  of  a  Jacketed  wire. 

COLOR  SHADES;  These  are  the  basic  12  colors  as  Specified  In  MiL-STD-104, 
within  certain  limits  of  ligiit  and  dark  as  shown  on  the  color  chips  accompanying 
the  standard  specification.  In  the  case  of  synthetic  rubber  Insulation,  polychlor- 
oprene  (neoprene)  nyiongor  compound-filled  tapes,  for  circuit  identification, 
somewhat  wider  limits  will  be  permitted  in  color  shades  provided  all  colors  in 
the  cable  are  easily  distinguishable  from  each  other. 

COMET  C:  Comet  C  Is  the  trade  name  of  resistance  wire  manuactured  by  the 
Driver  Harris  Company.  It  Is  an  alloy  of  30%  nickel,  4.5%  chromium,  and  Uie 
balance  Iron.  It  is  used  from  low  to  medium  temperatures, 

COMMON-MODE  INPUT:  Common-mode  Input  la  defined  as  that  signal  applied 
in  phase  equiilly  to  both  inputs  of  a  differential  amplifier. 

COMMON-MODE  GAIN;  Common- mode  gain  Is  defined  as  tb  s  ratio  of  the 
eomnyn-ntode  output  voltage  divided  by  the  common-mode  Input  voltage. 

COMMON-^stODE  REJECTION;  Tha  abUlty  of  an  amplUler  to  reject  a  signal, 
comxnon  to  both  its  input  signals.  Common-mode  rejection  (CMR)  Is  the  ratio  of 
the  applied  common- mode  Input  voltage  to  the  equivalent  nornwl-mode  output 
signal  it  produces. 

COMMON-MODE  RESISTANCE;  Resistance  between  input  Signal  lines  and 
output  signal  lines  or  circuit  ground.  In  an  Isolated  amplifier,  this  la  Its  , 
Insulation  resistance.  Common- mode  voltage  and  common- mode  resistance  have 
no  connection  with  the  common-mode  rejection. 

COMMON-MODE  VOI.TAGE:  That  amount  of  voltage  common  to  both  Input  lines. 
Usually,  a  maximum  voltage  Is  specified  which  may  be  applied  without  breaking 
down  Insulation  between  the  input  circuit  and  ground. 

COMMUTATOR:  A  device  which  Is  analogs  to  a  rotary  switch  with  many  contacts, 
each  comact  having  a  different  signal.  As  the  switch  rotates  each  signal  ^ 
sampteki  sequentially  and  is  avaUable  at  a  common  pointj  the  wiper.,  . 
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COMPOUND;  A  -cornpdund  is  the  diemical  union  ol  two  or  rhore  elements-. 

COMPRESSION  MOLDING:  A  method  ol  molding  therroosets.  Compound  (usually 
preheated)  Is  placed  In  an  open  mold,'  mold  Is  closed,  and  heat  and  pressure 
applied  until  material  is  cured.  This  process  can  also,  be  used  with  synthetic 
rubber  nviterlals.  . 

COMPRESSIVE  STRENGTH;  Crushing  load  at  lallure  divided  by  the  original 
sectional  area  of  the  specimen. 

CONCENTRIC  LAY:  A  concentric  lay  conductor  or  cable  Is  composed  of  a 
central  core  sourrounded  by  one  or  more  layers  of  helically  wound  strands  or 
insulated  conductors. 

CONCENTRIC  STRANDING:  Stranding  In  whiclj  the  Individual  filaments  are 
spiraled  In  layers  around  a  central  core.  As  a  general  rule,  each  layer  after 
the  first  has  sbc  more  strands  than  the  preceding  layer  and  Is  applied  in  a  direc¬ 
tion  cotUrahelical  to  that  of  the  layer  under  It. 

CONDENS,\TION:  A  chemical  reaction  In  which  two  or  more  molecules  combine 
resulting  in  a  molecule  of  greater -density.  For  example,  water  vapor  condenses 
to  form  water. 

CONDUCTED  INTERFERENCE:  Caused  by  the  coupling  effect  of  capacitance, 
resistance,  and  inductance  to  the  source  of  Interference. 

CONDUCTION;  Refers  to  interfering  signals  that  appear -across  the  receiver  Input 
terminals  because  of  leakage  paths  caused  by  moisture,  poor  Insulation,,  etc. 

CONDUCTOR:  A  conductor  is  a  medium  for  transmitthig  electrical  current,  A 
conductor  usually  consl’.ts  of  coppet,  aluminum,  steel,  silver  or  other  materials. 

CONDUIT;  A  tube  or  trough  for  protecting  electrical  wires  or  cables. 

CONFIDENCE  LEVEL:  Express  (In  %)  the  probability  that  a  given  assertion  Is 
true,  that  It  lies  within  certain  limits  calculated  from  the  data;  a  degree  of 
certainty.  .yfl----.-.  -  -  ^ 

CONNECTOE.  A  mechanism  used  to  unite  two  pieces  of  cable,  both  pliyslcaUy 
and  electrically. 
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CONTINUITV  CHECK;  Continuity  chock  Is  a  tost  performed  on  a  length  of 
finished  wire  .or  cable  to  determine  If  the  electriial  current  flows  continuous 
throughout  the  iength.  Each  conductor  may  also  be  checked  against  each  other  to 
ascertain  that  m  sliort  exists. 

CONTHAHELICAE;  In  the  wire  and  cable  industry  the  term  is  used  to  mean  the 
direction  of  a  layer  with  respect  to  the  previous  layer.  Thus  It  would  mean  a 
layer  spiralling  In  an  opposite  direction  than  the  preceding  layer  within  a  cable 
Or  wire. 


COPOLENE:  Copolene  is  a  dielectric  material  used  In  manufacturing  coaxial 
Cable.  Developed  as  a  substitute  for  polystyrene.  It  Is  composed  of  polystyrene 
and  •  -lyisobutylene.  Since  it  has  undesirable  "haracterl.tlcs,  it  has  been  re¬ 
placed  by  pc’wethylene. 

COPPER  CONSTAMTAN;  Copper  and  amstantan  are  two  alloys  used  in  making 
thermocouple  wires.  The  copper  is  the  positive  wire  and  the  constantan  Is  the 
negative  wire. 


COPPERWELO:  Copperweld  is  the  trademark  of  cc^per  covered  steel  wire  manu¬ 
factured  by  Copperweld  Steel  Company.  It  Is  made  by  an  exclusive  molten  weld¬ 
ing  process  W’hereby  a  thick  copper  coi’Crlng  Is  Inseparably  welded  to  a  steel  core. 
Copperweld  thus  performs  as  one  metal.  Hot  rolling,  cold  drawing,  pounding  or 
temperature  clwnges  cannot  affect  It.  ’’ 

CORONA:  Ionization  of  air  surrounding  a  conductor  caused  by  the  influence  of 
high  voltage.  Ionization  and  partial  breakdown  of  the  gas  dielectric  In  the.viclnlty 
of  a  conductor  due  to  a  high  voltage  gradient.  Mayor  may  not  be  accompanied  by 
a  faint  purplish  glow.,.  ,, ,  ; 

CORPS  OF  ENGINEERS;  A  brand)  of  the  /Irray  In  charge  of  construction  on  all 
military  installations  and  specifically  supervising  construction  of  missile  Install¬ 
ations  for  the  Air  Force.  I.-  - 

COUPLING:  Coupling  is  the  association  of  two  dr  more  circuits  or  systems  in 
such  a  way  that  power  may  t)e  transferred  from  one  to  another,  , 

CREEP:  The  dimensional  change  of  a  material  under  pressure  over  a  period  of 
time, 
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CREEPAGE  SURFACE:  An  Insulating  surface  which  provides  physical  separation 
as  a  form  of  Insulation  between  two  electrical  conductors  of  different  potential, 

CROSS-SECTIONAL  AREA  OF  A  CONDUCTOR;  Crosc-sectlonal  area  of  a  con¬ 
ductor  Is  the  sum  of  cross-sectional  areas  of  all  the  individual  wires  comprising 
the  sti-and. 

CROSS  TALK:  Is  interference  that  arises  from  other  sipial  wiring.  Electro¬ 
magnetic  and  electrostatic  couplings  exist  between  signal  leads  In  close  proximity, 
and  this  effect  may  be  significant  if  the  signal  levels  arc  very  different. 

CURE;  To  change  the  physical  properties  of  a  material  by  chemical  reaction,  the 
action  of  heat  and  catalysts,  alone  or  in  combination,  with  or  Without  pressure. 

CURING  TEMPERATURE:  Temperature  at  whicli  ti  materia?  Is  subjected  to  curing 

CURING  TIME;  In  the  molding  of  thermosetting  plastics,  the  time  it  takes  for  the 
material  to  be  properly  cured. 

CV:  The  abbreviation  for  continuous  vulcanization.  A  process  for  applying  and 
curing  rubber  and  rubber-like  material  on  a  mass  production  basis. 

CYCLE:  The  complete  seijucnce  of  alteration  or  reversal  of  the  flow  of  an  alter¬ 
nating  electric  current.  v.  .. 

DATA;  Plural  term  collectively  used  to  designate  alphabetic  or  numeric  material, 
serving  as  a  basis  of  discussion;  material  may  or  may  not  be  technical  in  nature. 
Information,  particularly  that  used  as  a  basis  for  mechanical  Or  electronic 
computation.  _ 

DATA-  REDUCTION;  The  art  or  process  of  transforming  masses  Of  raw  test  or 
expertmentaHy  obtained  data,  usually  gathered  by  instrumentation.  Into  useful, 
ordered,  or  simplified  intelligence, 

DATA-REDUCTION,  ON-LINE:  The  processing  of  information  as  rapidly  as  the 
information  Is  received  by  the  computing  system. 

D.B.  LOSS:  The  loss  of  a  signal  over  a  conductor  expressed  tn  decibels. 

DECIBLE  (db):  Unit  used  to  express  the  ratio  between  two  amounts  Of  power, 
voltage,,  or  current  between  two  points. 


No.  of  (db)  &  10  Log  10  II  «  20  Log  10 II  «  20  Log  lo|| 


The  voltages  or  currents  In  question  are  measured  at  points  having  identical 
impedances. 

DEGREE  RISE;  The  amount  of  increase  in  temperature  caused  by  the  intro¬ 
duction  of  electricity  into  a  unit. 

DELAY  LINE;  A  conductor  that  is  nade  of  a  specific  material  in  a  specUic 
size  and  length  that  will  permit  the  delay  of  an  electrical  impulse  for  a  pre¬ 
determined  specific  length  of  time.  The  delay  Is  measured  In  microseconds 
and  micromlcro-seconds. 

DENSITY;  Weight  per  unit  volume  of  a  substance. 

DESSICANT:  Water  or  moisture  absorbent  material  used  to  prevent  moisture 
from  damaging  packaged  equipment  or  other  merchandise. 

DIELECTRIC:  A  non-conducting  nuterkU  or  a  material  having  tlie  property 
that  tlie  energy  required  to  establish  ah  electric  field  is  recoverable,  in  whole 
or  in  part,  as  electric  energy.  A  vacuum  is  a  dielectric. 

DIELECTRIC  ABSORPTION;  That  property  of  an  imperfect  dielectric  whereby 
there  is  an  accumulation  of  electric  charges  within  the  body  of  the  material 
when  it  is  placed  in  an  electric  field.  ■: 

DIELECTRIC  CONSTANT  (SPECITIC  INDUCTIVS  CAPACITY):  That  property 
of  a  dielectric  which  determines  the  electrostatic  energy  stored  per  unit  vpluroe 
for  unit  potential  gradient.  . 

dielectric  LOSS:  The  time  rate  at  which  electric  energy  is  transformed  info 
heat  in  a  dielectric  when  it  is  subjected  to  a  changing  electric  field. 

DIELECTRIC  POWER  FACTOR:  An  expression  of  the  energy  loss  in  an  electric 
:  current  due  to  the  effect  of  the  dielectric. 

DIELECTRIC  STRENGTH:  The  v'lltage  stress  required  to  puncture  an  insul¬ 
ation  of  known  thickness  (in  volts  per  unit  thickness  or  per  mil). 


DIELECTRIC  STRENGTH  (DUJRUPTIVE  GRADIENT):  The  maximum  potential 
gradient  that  a  material  can  withstand  without  rupture.  The  value  obtained  for 
the  electric  strength  will  depend  on  the  thickness  of  the  material  and  on  the  method 
and  conditions  of  test.  Usually  expressed  as  a  voltage  gradient  (such  as  volts  per 
mil). 

DIELECTRIC  TESTS:_  Tests  which  consist  of  the  application  of  voltage  higher  than 
the  rated  voltage  for  a  specific  time  for  the  purpose  of  determining  the  adequacy 
against  breakdown  of  insulating  materials  and  spacings  under  normal  conditions. 

DTPFERENTIAL  AMPLIFIER:  An  amplifier  whose  input  leads  are  related  to 
circuit  ground  and  responds  tO  differential  signals. 

DIFFERENTIAL  GAIN:  The  ratio  of  the  differential  output  signal  divided  by  the 
differential  input  signal- causing  that  output. 

DIGITAL-TO-ANALOG  CONVERTER  (DAC):  An  instrument  which  converts  digital 
information  (e.  g.  I's  and  O's)  into  analog  voltages  which  are  proportional  to  the 
numerical  value  of  the  digital  information. 

DIGITIZER:  An  electronic  device  used  in  data  acquisition  which  accurately  con¬ 
verts  into  coded  digital  Information  analog  input  voltages. 

DIRECT  COUPLING:  Direct  coupling  is  the  association  of  two  or  more  circuits 
by  means  of  a  self-inductance,  capacitance,  resistance  or  a  combination  of  these 
which  is  common  to  the  circuits.  ■ 

DISPERSION:  The  Scatter  of  values.  -  ^  ^  ^ 


DOUBLE  SHIELD;  Two  shields,  one  over  the  other.  Maximum  coverage  98%  for 
copper  braid.  • .  .  :  ■ 

DRAIN  WIRE;  An  uninsulated  Stranded  or  solid  conductor  whlcli  ls  located  directly 
under  a  shield.  This  wire,  since  it  comes  in  contact  with  the  shield  throughout 
the  entire  length  of  the  cable,  may  be  used  to  terminate  the  shield  and  eliminate 
.  a  considerable  amount  of  the  Inductive  effects  of  spiral  type  shielding. 

E.  C.  M,  -  Electronic  counter  measure:  The  use  of  equipment  to  prevent  or  induce 
jamming  of  electronic  equipment,  missile  systems,  radar,  radio>  etc, 

EDWARDS  AIR  FORCE  BASE:  Atr  Force  missile  test  canter,  located  at  Edwards, 
California. '  :  "j..-- 


EIA:  Abbreviation  for  Electronic  Industries  AssociuUon;  formerly  RETMA 
(Radio,  Electronic,  Television,  Manufacturer's  Association). 

ELECTROMAGNETIC  INDUCTION  -  or  INDUCTIVE  PICKUP;  Refers  to  inter¬ 
ference  coupled  to  the  measuring  circuit  through  magnetic  fields. 

ELECTROSTATIC  INDUCTION:  Sometimes  referred  to  as  capacitive  induction, 
is  due  to  the  unavoidable  capacitance  between  the  instrument  or  its  wiring  and 
the  surroundings.  :  ,  ^ 

ELECTRO-TINNED;  Electrolytic  process  of  tinning  wire  using  pure  tlOi 

ELONGATION;  Elongation  is  the  extension  or  Increase  in  length  produced  by 
a  tension  load  in  a  section  of  a  test  specimen  between  bench  marks  placed  on  it, 
and  is  either  expressed  as  a  percentage  of  the  original  length  between  bench  marks 
or  indicated  by  specifying  a  minia’v.m  distance  between  benchmarks. 


ENAMELED  WIRE;  A  conductor  with  a  taked-on  varnish  enamel;  may  be  7  gage 
through  50  gage.  It  is  usually  used  in  winding  motors,  colls,  transformers,  etc, 

ENERGY  (ELECTRICAL);  Energy  induced  by  the  movement  of  electrons 

through  a  conductive  material.  '  ■  s 


ENVIRONMENT;  Surroundings  into  which  wire  or  cable  Is  to  be  placed. 

EPOXY:  A  potting  resin  used  in  bonding;  such  as  to  bond  teflon  wire  to  pot  v- 
connectors  to  assure  that  they  are  moisture-proof.  .. 


EPOXY  RESINS:  Straight- chain  thermoplastics  and  thermosetting  resins  based 
on  ethylene  oxide,  its  derivatives  or  homologs, 

ETCHED  WIRE;  A  process  applied  to  teflon  wire  in  iMhlch  the  wire  Ic  passed 
through  a  sodium  bath  to  create  a  rough  surface  to  rliow  epoxy  resin  to  bond  the 
teflon. 

EXTERNAL  INTERFERENCE:  This  is  the  effect  of  any  electrical  Ivayes  or 
fields  which  cause  confused  sounds  other  than  the  desired  signal.  . 


EXTRUSION:  A  method  c(  applying  Insulation  to  a  ct  Aictpr  or  jacketing  to  a  cable. ' 
The  process  is  continuous.  It  may  utilize  rubber,  ne-.  jrene,  or  a  variety  of 
plastic  compounds. 
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FACILITY  POWER  SYSTEM:  That  portion  of  the  electrical  power  distribution 
and  utilization  system  on  the  secondary  side  of  the  main  electrical  service  trans- 
former{s)  for  the  test  facility. 

FAHRENHEIT:  A  scale  for  measuring  temperature.  Water  freezes  at  32*^F  and  : 
boUs  at  212°F  =  0°C.  212®F  =  100°C. 

FARAD:  A  unit  of  measuring  Capacitance  usually  expressed  in  microfarads  (Mfd) 
or  micro  micro-farads  (MMfd). 

FEP:  An  abbreviation  for  flurolnated  ethylene  propylene,  a  thermoplastic 
material  used  as  a  wire  insulation.  FEP  has  outstanding  insulating  character¬ 
istics  and  retains  them  over  a  wide  range  of  temperatures  and  frequencies. 
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FILLER:  FiUers  are  used  in  multi- conductor  cable  to  occupy  tlie  interstices 
formed  by  the  assembled  conductors. 


FLAME  RESISTANCE:  Ability  of  the  material  to  extinguish  flame  once  the  source 
of  heat  is  removed.  • 

FLAMMABILITY:  Measure  of  the  material’s" ability  to  support  combustion. 


FLEX  LIFE:  The  time  of  heat  aging  that  an  insulating  material  can  withstand 
before  failure  when  bent  around  a  specific  radius  (used  to  evaluate  thermal 
endurance).-^;.,'..  ^ 

FLEXURAL  STRENGTH;  The  strength  of  a  material  in  bending. 

FOAM-POLYETHYLENE;  A  polyethylene  (»mpound  which  has  been  whipped  In 
the  presence  of  an  Inert  gas.  The  resulting  compound  las  a  lower  dielectric 
constant  than  does  basic  polyethylene. 

FREQUENCY  DIVISION  MULTIPLEX:  Process  or  device  in  which  signal  channel 
modulates  a  separate  subcarrier,  the  subcarrier  being  spaced  in  frequency  to 
avoid  overlapping  of  the  subcariier  sidebands,  and  the  selection  and  demodulation 
of  each  signal. channel  on  th^' basis  of  its  frequency. 

FREQUENCY  raiFT;  System  of  telegraph  teletype  writer  operation  in  which  the 
mark  signal  is  one  frequency  and  the  space  sisial  a  different  frequency.  NOTE: 
CCITT  recommends  that  mark  is  the  lower  frequency.  Also,  the  difference  be¬ 
tween  mark  and  space  will  vary  In  different  Systems,  e.g.  170  GPS  .U.S.A,,  120 
CPS  Europe. 
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FREQUENCY  SHIFT  KEYING;  Frequency  modulation  of  a  carrier  by  a  mbdulatln 
signal  which  varies  between  a  fixed  number  of  discrete  values  (a  digital  signal), 

GAS  FILLED  CABLE;  Paper  Insulated  lead  sheath  cable  filled  with  gas  which 
provides  a  self- supervised  a'arm  system.  There  are  three  different  types: 

Low  Pressure,  Medium  Pressure,  High  Pressure.  They  may  be  installed  in  : ; 
ducts,  in  air  or  buried  directly.  ' 

GENERATOR:  A  generator  is  a  machine  us^  to  change  mechanical  energy  Into 
electrical  energy,  - 

Glass  braid:  Used  to  provide  thermal  and/or  mechanical  protection  in  the 
underlying  insulation  of  certain  types  of  conductors. 

GLYPTAL;  Giyptal  is  a  tradename  for  an  insulating  varnish,  such  as  coating 
on  coils.  It  is  resistant  to  heat,  oil  and  to  corrosive  conditions. 

GROUND:  A  cone  iting  connection,  whether  Intentional  or  accidental,  between 
an  electric  circuit  {or  equipment)  and  earth,  or  to  some  otlier  conducting  body 
which  serves  in  place  of  the  earth. 

GROUND,  ANALOG;  Associated  with  the  input  circuits  of  an  Instrumentation 
system.  Analog  ground  circuits  are  isolated  from  one  another  and  are  connected 
together  at  only  one  point,  (e.g.  ground  bus,  plate,  etc.)  and  then,  if  required, 
this  point  can  be  connected  to  eartli,  ' 

GROUND  BUS;  A  bus  used  to  connect  the  number  of  ground  conductors  to  one 
or  more  ground  electrodes,  •  , 


GROU'.D  CIRCUIT:  That  portion  of  an  electrical  or  electronic  circuit  Which  is 
kept  at  essentially  zero  volts  v,  th  resfiect  to  the  power  supply  voltages.  This 
ground  circuit  is  not  necessarily  connected  to  earth.  An  electronic  circuit  will 
perform  whether  or  cot  Us  ground  clrcidt  is  connected  to  earth. 


GHOUNTIING  CONNECTION:  A  connection  (used  in  establishing  a, ground)  and 
consisting  of  a  grounding-conductor,  a  grounding  electrode,  and  the  earth  (soil) 
Which  surrounds  the  electrodes. 


GROUND  CURRENT:  A  current  (lowing  in  the  earth. or  some  other  body  seiwlng 
in  its  place.  ; 
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GROUND,  DIGITAL;  Associated  with  the  data  processing  system  digital  circuits. 
This  ground  ctrhilt  takes  Uis  form  of  many  paths  from  each  circuit  to  the  ground 
point.  Unlike  the  ainlog  ground  circuit,  as  many  paths  to  the  grbuitd  circuit  as 
feasible  are  used  r  nd  may  not  be  isolated  from  each  other  as  long  as  n(>  dosed 
circuit  loops  are  formed.  • 

GROUNDED  NEUTRAL;  The  neutral  wire  is  metallically  connected  to  groaid. 

GROUND  LOOP;  A  path  through  which  current  nmy  flow  from  any  starting  point 
through  a  system  and  back  to  the  original  starting  point. 

GUOUNl^  POWER;  The  power  Tound  as  definst!  by  Ihe  Ratloitai  Electrical  Code  is 
any  electrical  connection  bet  ;,  .ton  power  system  conductors  (usually  the  neutral 
conductors)  conductor  cnclouuro  or  equipment  endosure  and  e.trth  with  25  ohms 
or  less  realsUnce  to  earth.  This  gi-ound  is  for  the  protection  a.id  safely  of 
persotmeU 

GROUND-RETURN  CIRCUIT:  A  ground-return  Circuit  is  a  clrcull  which  lias  a 
coiKtuctor  (or  two  or  more  In  i«rallel)  between  two  points  and  which  is  compleled 
througi;  the  ground  or  earth. 

GROUND  PLATE:  A  plate  of  conducting  material  installed  In  *n  equipment  i-ack 
ns  a  common  tie  point  for  all  gyouivd  circuits  in  the  system, 

GRS  -  (Government  Rubber  Synthetic):  This  is  a  government  standard  for  Bma-S 
RuWK’r  for  Jacketing  and  Insulating  impounds  for  military  wires  and  cables. 

GUARD  SHIELD:  A  shield  which  surrounds  the  input  circuit  of  an  antplUier. 

HARD  DRAWN:  A  terra  that  refer#  to  the  temper  of  conductors  that  are  drawn 
without  annealing  or  that  «nay  work  harder  in  the  drawing  process. 

HEAT  ENDURANCE;  The  time  of  heat  aging  that  a  material  <an  withstand  before 
falling  a  specific  physical  test. 

HE.LIAX:  Tradpinrao  of  a  coaxial  cable. 

HOOKUP. WIRE:  Small  wires  used  to  hook  up  instruments  or  electrical  parts, 
usually  12  pa.  Slid  smaller. 
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HYGlK>a:OPIC:  Having  the  tendency  to  absorb  molstuir#. 
lACS;  International  Annealed  Copper  Standard 

IMPACT  RESISTANCE:  Relative  eusceptibUlty  ot  material  to  fracture  by  shock. 

IMPEDANCE;  The  apparent  resistance  to  flow  of  an  aliernallng  current.  Gcner- 
alty  expressed  In  Ohms. 

IMPREGNATE:  To  fill  the  voids  and  interstices  of  a  material  with  a  compound. 
(This  does  not  imply  complete  fCi  or  complete  coating  of  Ihe  surface*  by  a  hole- 
free  film). 

IMPULSE  STRENGTH:  The  voltage  breakdown  of  Insulation  under  voltage  surges 
on  the  order  of  microseconds  In  duration. 

INJECTION  MOLDING;  A  molding  procedure  whereby  a  heat-softened  matorlat 
Is  forced  from  a  cylinder  Into  a  mold  cavity  to  give  a  desired  nlmpo.  Cure  Is  ob¬ 
tained  under  heal  a:sl  pressure. 


INSTRUMENT  GROUND;  See  GROUND,  CIRCUIT 


INSULATION  RESISTANCE:  The  resistance  offered  by  an  Insulating  material  to 
the  flow  of  current  resulting  froth  ah  Impressed  DC  voltagOi  i 

INSUl^VTOR:  A  material  of  such  low  electrical  conductivity  Ilut  It  wUl  not  support 
an  electric  current. 


INTERGAlATED  TAPES:  Two  or  more  tapes,  generally  of  different  composition, 
applied  simultaneously  In  such  a  manner  that  a  portion  of  each  t.ip«  overlies  a 
portton  of  the  other  tape. 

INTEGRATED  DATA  PROCESSING:  Way  to  transform  disjointed  and  repetitive 
paper  work  tasks  Into  a  correlated  and  mechanised  productloiv  of  Information  for 
any  puriv^o,  '" 

l^X^JRSTICES;  A  apace  between  one  thing  and  another,  as  between  conductors  in 
a  cabll^’^ .  .  .. 


IRON  CON.STANTAN:  A  combination  of  metals  used  In  thermocouples,  thermo¬ 
couple  wires  and  thermocouple  lead  wires.  The  iron  wire  la  positive,  the  con- 
Stantan  negative.  A  regular  stock  Item  at  Standard  Wire  and  Cable. ' 


ISOLATED  AMPLIFIER:  A  differential  amplifier  whoso  Input  signal  lines  are 
conductlvely  Isolated  from  the  output  signal  lines  and  cltassis  ground.  An  isolated 
amplifier  is  a  differential  amplifier.  The  reverse  is  never  true. 

JACKET:  An  impervious  covering  over  insulation  usually  rubber,  plastic,  cotton, 
neoprene  or  glass. 

J  BOX,  OR  JUNCTION  BOX;  A  box  made  of  metal  which  houses  electrical  power 
brought  from  a  central  unit.  The  power  is  then  distributed  to  the  required  point, 

JAN-C-17A:  Joint  Army-Navy  specification  covering  coaxial  cables  used  for  high 
frequency  applications  as  in  radio,  television,  radar. 

JAN-C-73A:  Joint  Army-Navy  specification  covering  raolo  hook-up  wire.  Types; 
SRIR,  SRHV,  \VL,  and  SRRF. 

JPL:  Jet  Propulsion  Laboratories,  California  Polytachnlc  Institute 

JUNCTION  OR  THERMAL  POTENTIALS:  Can  contribute  to  error  and  are  of 
special  concern  in  handling  low  level  DC  slgiuUs^  items  such  as  the  cable  flexing 
noise  that  arises  tn  the  use  of  pH  meters  and  ion  clumbers  might  be  alto  placed 
111  this  category. 

JUTE;  A  natural  fibre  ol  plant  base  formed  into  rOpe-llke  stratuis.  Used  in  cables 
for  filling  the  interstices,  to  give  a  round  cross-section. 

JUTE  FILLER:  Ropc-like  strands,  of  material  used  in  cables  for  filling  in  the 
luterstlces  to  form  a  rounded  shape. 

KARMA:  Trade-name  for  a  resistance  wire  composed  of  74,5%  nickel,  20% 
chromium,  2.75%  aluminum,  and  2. 75%  copper,  '  . 

KEL  F;  Polymonochlorotrlfluroethylene  MIL-W-12S40.  High  temperature  insula¬ 
tion  -55®C  to  135“C  Used  on  hook-up  wire,  and  for  tubing  where  temperatures  are 
beyond  the  range  of  PVC,  and  where  resistance  to  solvents  is  needed. 

LOSS  FACTOR:  Product  of-  the  dielectric  constant  and  the  power  factor  and  pro¬ 
portional  to  the  actual  power  in  a  dielectric. 


MAGNET:  A  ferrous  metal  that  has  the  property  of  attraction  of  other  fefrous 
metiU’s.  ,  '■  ■ 
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MARKER  THREAD:  A  colored  thread  layed  parallel  and  adjacent  to  the  strands 
ot  an  Insulated  conductor  which  Identifies  the  wire  manufacturer  and  often  the 
specification  under  which  the  wire  la  constructed. 

MEAN:  The  arithmetic  average;  x  for  a  nample,  x  for  a  population.  Equals-^^^ 
xs  sample,  n  =  number  of  samples 

MEDIAN;  The  value  abei'e  which,  and  below  which,  half  the  values  lie. 


MEGAW.ATT:  One  million  watts  »  one  megawatt. 

Mfd:  The  commonly  rscd  abbreviation  for  microfarad,  one  millionth  of  a  farad, 
the  inleriullonal  standard  for  the  unit  of  capaqltanco. 

MICA;  A  transparent  ?  'Jicate  v,hlch  separates  Into  layero  and  has  high  insulation 
resistiincc,  high  dielectric  strength,  and  high  heat  resistance. 

MICROMETTETl:  An  instrvraent  used  for  measuring  usually  in  1900th  of  .-.n  inch. 


MIL:  One  lOOOlh  of  an  Inch.  A  ‘  r.lt  used  In  measuring  diameter  of  wire  or  thick¬ 
ness  of  an  Insulation  over  a  co.'-di'clor. .  •  r 

MILLIMETER:  Unit  of  linear  measure.  Abbreviated  MM.  Equal  to  one  thou-  ; 
sandth  ot  a  meter.  >  ?  : 

MIL  SPCC:  A  specillcation  issutd  by  the  Armed  Forces  of  the  United  States  of  ; 
America. '  .  .  .  ,  ; 

MIL-C-17C:  Military  specificsfltn  covering  most  coaxial  cables. 

MlL-C-2194:  Military  speclfli’atlon  ;gr  sp.lconc  rubber  insulated,  armored  ship¬ 
board  cable.  ^  y 


MlL-Vt’-5086:  Military  specification  for  aircraft  600  volt  elncti‘',.»i  wire,  105“ 
maximum  temperature  rating.  There  are  three  constnicttoiis  t  x; 

Typo  I:  First  stranded  tinned  corxluctor,  second  primary  In-ulatlen,  FVC, 
Third  extruded  clear  nylon. 


Type  U:  First;  stranded  tinned  conductor,  second  primary  Insulation,  PVC, 
Third  glass  fiber  braid  treated  with  suitable  saturants.  Fourth,  extruded 
clear  nylon  on  Sizes  22  through  12,  and  braided  nylon  Impregnated  with  nylon 
lacquer,  on  sizes  10  through  4/0. 

T>’pe  111:  First,  stranded  timed  conductor,  second  primary  Insulation,  PVC, 
Third  glass  fiber  braid  treated  with  suitable  saturants.  Fourth,  secondary 
insulation,  PVC.  .Filth,  extruded  Clear  nylon  Sizes  22  through  12,  and  braided 
nylon  Impregnated  with  nylon  lacquer  on  Sizes  10  through  4/0. 

MlL-C-7073;  Military  aiKtclflcatlon  for  shlelu-xl  aircraft  power  cable,  600  V, 
Specifies  that  tiie  Inner  conductor  shall  be  to  ;v.-W-5086. 

MlL-W-5274:  Military  specification  foi  alrc.v.i  isolated  electrical  wire.  There 
are  three  constructions  or  types:  Type  1  ••  Sti'-j-d  conductor,  PVC  Insulation, 
extruded  nylon  jacket,  OOO  V  rating.  Type  P  -  t  randed  conductorj  PVC  insula¬ 
tion,  glass  fiber  braid,  extruded  PVC  and  cxtiuded  nylon  jacket  600  V  rating. 

Type  III  -  Constructed  as  Type  n,  3600  V  rating.  Specification  calls  for  surface 
marking  showing  government  designation,  manufacturers  Identification,  wire  size 
and  year  of  manufacture  at  Intervals  of  not  more  than  fifteen  feet. 

MIL-\V-e777;  Cover's  COO  V,  15i)°C  [lOWer  and  liglitlng  wire.  Construction:  Siive 
j  plated  conductor,  stilcono  rubber  insuiafton  with  protective  cover  of  braided  or 
extruded  material.  Additloiial  coatings  as  needed, 

MlL-W-7139:  hill..  MT  specUlcation  for  600V,  400“F  wire.  Construction:  1st, 
sliver  coated  copper  stranded  conductor,  then  laminates  of  teflon  and  glass. 

MIL“C-8721:  Air  Force  specification  for  n-  niature  coaxial  cables  RG  178/11,  ; 
179/U  and  I80/U. 

MIL-16878:  All  types.  Covers  wire  intende’  'ar  internal  wiring  of  electric  and 
electronic  equipment.  Tempo ralures  range  l.om  80°  to  200 “C.  Potential  ratings 
from  75  V  to  3000  V.  Typo  D  -  Stranded  TC  Conductor,  PVC  Insulation  600  V 
100°C  Sizes  32  through  16.  Type  C  -  Standard  TC  Conductor,  PVC  Insulation 
1000  V  -  lOO^C  Sizes  24  through  14.  Type  D  -  Stranded  TC  Conductor,  PVC  in¬ 
sulation  3000  V  -  100  ®C  Sizes  24  through  6.  IVpe  E  -  Stranded  SP  Conductor, 
teflon  insulation  600  V  -  200*C  Sizes  24  through  10.  IVpe  EE  -  Stranded  SP  Con¬ 
ductor,  teflon  Insulation  1000  V  -  200*C  Sizes  24  through  10.  'Typo  FF  -  the  same 
as  EE,  except  for  silicone  Insulation  and  it  comes  In  Sizes  24  through  10.'  Type 
N  -  Stranded  TC  Conductor,  nylon  insulation  75  V  -  80®C  Sizes  32  through  20. 
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MIL-C-250i38:  Military  specification  covering  high  temperature  and  fire  resist¬ 
ant  cable.  Nickel  clad  conductors,  maximum  temperature  750“C,  outer  braids 
and  protective  coverings  as  needed.  Braids  and  coverings  are  usually  teflon;, 
asbestos,  and  glass. 

Nrifd:  Common  used  abbreviation  for  one  millionth  millionth  of  a  farad. 

MODE:  The  most  frequent  value.  Peak  on  the  frequency-distribution  curve. 

MULTIPLEXER:  An  electronic  device  which  electronically  scans  a  number  of 
parallel  input  cimnnels  and  provides  a.  serial  output  signal  which  Is  composed  of  a 
series  of  analog  voltages  representing  a  continuous  sampling  of  each  Input  channel. 
Its  function  is  the  same  as  a  commutator. 

MYLAR:  A  molecularly  orientated  polyester  film  with  very  high  dielectric  and 
tensile  strength  manufactured  by  the  E.I.  du  IHmt  de  Nemours  and  Company.  It 
is  normally  used  as  tape  wrap  over  a  cable  bundle. 

NAS-STANDARDS:  Natioiul  Aerospace  Standards.  These  are  specifications 
complied  on  different  Items  by  the  Aerospace  Industries  Association  of  America, 

Inc. 

N.E. C. :  National  Electric  Code,  which  stipulates  the  use  of  wire  and  cable  In 
buUdir.gs  and  factories.  Most  city  electrical  codes  are  derived  from  it.  It  has  ; 
been  compiled  by  the  fire  underwriters  and  wire  and  cable  manufacturers. 

N.E.M.A.:  National  Electrical  Manufacturers  Association.  It  Is  known  fjr  Us 
standardbation  of  electrical  motors,  components,  and  wire  and  cable  specUlca- 
lions.’  ,• 

NEOPRENE:  A  trade-name  of  E.I.  du  Pont  de  Nemours  for  polyclUoroprene,  a 
rub’jer-like  compound  which  is  kr  wii  for  Its  resistance  to  the  effects  of  oil, 
solvents,  and  abrasion. 

NEOPR;7INE  TUBING:  Used  by  cable  pullers  ns  a  Jacket. 

NICHROME,*  Tjade-name  for  an  alloy  of  60%  nickel,  16%  chromium  and  the 
'  balance  steel. 

NICKEL  CLAD  COPPER  WIRE:  .A  wire  with  a  layer  c '  nickel  on  a  copper  core 
where  the  area  of  the  nickel  is  approximalely  30%  of  the  conductor  area.  The 
nickel  has  been  rolled  and  fused  to  the  copper  before  drawing. 
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NOISE:  Any  electrical  Interference  present  In  a  measurement  signal  which  does 
not  contribute  useful  Information  relative  to  the  measurement  signal. 

NON-CONTAMINATING:  Refers  to  a  type  of  PVC  jacketing  material  whose  plasti¬ 
cizer  will  not  migrate  into  the  dielectric  of  a  coaxial  cable  and  thus  avoids  con¬ 
taminating  and  destroying  the  dielectric. 

NON-FERROUS:  -  Term  means  not  of  Iron,  and  refers  to  alloys  which  have  no  iron 
or  steel  as  ingredients. 

NON-HYGROSCOPIC:  Opposite  of  hygroscopic  -  will  iu>t  absorb  moisture. 

NON-MIGRATING:  Means  same  thing  as  non-contaminating. 

NORMAL  MODE  VOLTAGE:  Actual  signal  voltage  dev';;  ^  by  a  transducer  or 
the  difference  voltage  between  input  signal  lines. 

NYIiON:  A  generic  trade-name  by  the  E.I.  du  Ihjnt  de  Nemours  for  synthetic 
fibre-forming  polyamides;  a  polymer  of  nitrogen,  carbon  and  oxygen.  Its  chemi¬ 
cal  unbalance  and  tendency  to  absorb  moisture  limit  Its  use  as  a  dielectric  or 
insulating  material.  However,  It  Is  often  user,  in  the  wire  and  cable  field  as  P 
jacket  over  polyethylene  Or  PVC  to  l-ncreas®  temperature  stability  and  abrasio.i 
resistance.  .  , 


NYION- JACKETED:  Refers  to  the  "“"er  covering  of  nylon  or  wire  on  cable  which 
can  be  either  an  extruded  layer  o;  a  braid  of  nylon  filaments. 

OEM:  Original  Equipment  ?.*' -ufacturer.  .  /  '  r  ' 


OIL  FILLED  CADLE:  Taper  ihsulatedy  leak  sheath^  cable,  Into  which  oil  Is 
forced  under  pressure,  saturating  insulation.  Main  object  Is  to  prevent  moisture 
and  gases  from  cattrlng.  Also  easier  to  detect  flaws.  Due  to  leakage  (high  grade 
mineral  oil),  kept  under  constant  pressure  at  all  times. 

OIL  FILLED  PIPE  CABLE:  Basically  the  same  as  oil  filled  cable,  but  inside  of 
rigid  pipe,  instead  of  lead  sheath.  Is  sometimes  a  standard  oil  filled  cable, 
insert^  into  rigid  pipe,  under  pressure.  Both  units  being  oil  filled.  (Usually 
for  much  higher  voltiige.  Kept  under  constant  pressure  at  all  times). 

ON-LINE  OPERATION:  A  type  of  system  application  in  which  the  Input  data  to  the 
system  Is  fed  directly  from  the  measuring  devices  and  the  computer  results  ob¬ 
tained  during  the  progress  of  the  event:  e;g. ,  a  computer  receives  data  froi.i  wind* 
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tunnel  measurements  during  a  run,  and  the  computations  ol  dependent  variables  . 
are  performed  during  the  run  enabling  a  change  in  the  conditions  so  as  to  produce 
desirable  results. 

OSCILLOSCOPE:  Test  Instrument  for  showing  vlsuaily  the  changes  in  a  varying  . 
current  by  means  of  the  wavy  line  made  on  a  fluorescent  screen  by  a  deflection  of 
a  beani  of  cathode  rays. 

OZONE:  A  faintly  biue;  ^seous,  allatropic  form  of  oxygen,  obtained  by. the  silent 
discharge  of  electricity  in  ordinary  oxygen  or  in  air.  It  has  the  odor  of  weak  chlo¬ 
rine. 


PATCH  CORD:  Cord  of  varying  lengths.  Usually  appearance  braid  covered  with 
plugs  or  terminals  on  each  end.  Used  to  connect  Jacks  or  blocks  in  switchboards 
or  programming  syscems.  It  is  called  a  patch  cord,  because  It  Is  used  to  "patch", 

PERMACORD;  Crescent  trade-name  for  rubber  insulated,  seine  twine  braid.. 
Known  as  "Stage  L^bie".  Is  non-skid  and  is  light  brown  in  color. 

pH:  The  measure  of  acidity  or  alkalinity  of  a  substance.  pH  values  run  froth  0 
to  14,  7  Indicating  neutrality,  numbers  less  than  7  increasing  acidity,  and  numbers 
greater  than  7  increaslig  aikaiinlty. 

PIGTAIL  WIRE:  Fine  stranded,  extra  flexible,  rope  lay  lead  wire. 

PITCH  DIAMETER:  The  pitch  diameter  Is  the  diameter  ol  the  helix  described  by 
the  strands  or  insulated  conductors  in  any  layer.  v 


PLASTIC:  High  polymeric  substances,  Including  both  natural  and  synthetic  prod¬ 
ucts,  tliat  are  capable  of  flowing  under  heat  and  pressure  Into  desired  shape's  and 
hardening  In  those  shapes.  There  are  two  basic  classes:  Thermosetting  and 
Thermoplastic. 


PLASTIC  DEFORMATION:  The  change  In  the  dimensions  of  an  object  under  load 
tliat  Is  not  recovered  when  the  load  Is  removed. 


PLACTICIZER:  A  chemical  agent  added  to  plastics  ,to  make  them  soft  and  more 
flexible. 


POLYAMIDE:  A  cornpound  characterized  by  more  than  one  amide  group.  The 
term  Is, generally  used  In  the  wire  and  cable  Industry  as  a  synopyrn  for  Nylon. 
-See  NYLON.-' -  V 


POLYCHIX)ROPRENE:  The  chemical  name  lor  neoprene,  and  used  for  wire  and 
cable  jacketing  where  the  wire  or  cable  will  be  subject  to  rough  usage,  oitsj 
greases,  moisture,  solvents,  and  other  chemicals.  The  name  Itself  Indicates. 
that  It  Is  a  nolymor  of  chloroprene,  a  combination  of  vinyl  acetylene  and  hydrogen 
chloride. 

POLYESTKEIU  A  resin  formed  by  the  reaction  between  a  dibasic  add  arid  a 
ddhydraxy  alcohol . 

POLYETHYLENE:  A  family  of  Insulating  materials  derived  from  tlie  poiyrrierlza- 
tlon  of  ethylene  gas.  They  are  basically  pure  hydrocarbon  resins,  often  with 
small  amounts  of  other  additives  to  Impart  needed  properties.  All  members  of 
the  polyeliiylene  family  are  excellent  dielectrics.  Electrically  they  are  far  su¬ 
perior  to  any  other  extrudable  solid  dielectric  In  use  today.  Outstanding  electrical 
properties  Include  high  Insulation  resistance,  high  dielectric  strength,  low  di¬ 
electric  constant,  low  dielectric  loss  at  all  frequencies,  excellent  resistance  to 
cold  flow,  and  g  >od  abrasion  resistance.  One  or  more  members  of  the  polyethyl- 
i  ene  family  also  have  the  following  properties:  resistance  to  sunllglit,  weathering, 
chemicals,  flame.  Polye* hyler.es  are  being  widely  used  for  insulation  on  telephone 
signal  and  control  cables,  high-frequency  electronic  cables,  high-and  low-voltage 
power  cables,,  line  wire,  neutral  Supported  secondary  and  service  drop  cables. 
They  arc  suitable  for  direct  earth  burial.  Temperature- ratings  vary  with  type 
and  application,  from  75 “C  up. 

POLYMER;  The  resulting  compound  formed  by  polymerlzatlo.n  which,  sets  up  a 
union  of  monomers  or  the  continued  reaction  between  lower  molecular  weights. 

POLYMERIZE:  To  change,  by  union  of  two  or  more  molecules  of  the  same  kind, 
into  another  compound  having  the  same  elements  In  the  same  proportions,  but  a 
higher  molecular  weight  and  different  physical  properties. 

POLYSTYRENE:  A  thermoplastic  produced  by  the  polymerization  of  styrine.’!, 
vinyl  benzene.  y- ■  ■ 

POLY'URETHANE:  A  copolymer  of  urethane  similar  In  properties  to  neoprene. 
Usually  used  as  a  cold-curing  molding  compound,  '  , 

POPULATION:  In  statistics,  the  entire  group  being  studied,  from  which  samples 
.are  drawn.  This  can  be  a  production  lot,  readings  on  an  instrument,  tests  on 
^  equipment,  results  of  a  test,  ect. ' 
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PRIMARY  INSULATION:  A  non-conducUve  material  placed  directly  over  a  Current 
carrying  conductor,  whose  prime  function  Is  to  act  as  an  electrical  barrier  for 
the  applied  potential.  It  does  not  always  have  the  purpose  of  abrasion  resistance. 
See  SECONDARY  INSULATION. 

PROTOTYPE:  Original  design  or  first  operating  model. 

PURCHASE  ORDER:  The  form  used  by  a  buyer  from  one  organDatlon  to  order 
material  from  another  organization.  Usually  numbered.  Can  be  confirming  or 
non-confirm  Ing. 

RADAR;  Radio  aircraft  detector  azimuth  and  range.  General  operation  of  a 
radar  Is  to  transmit  a  microwave  signal  at  any  azimuth  360*  or  any  elevation  0* 
to  90®,  bounce  it  off  a  metal  object  such  as  aircraft,  or  marine  equipment;  It  then 
calculates  the  range  from  the  pulse  returned  to  the  receiver  and  Indicates  this 
range  graphically  oh  a  scope. 

RADIATED  RITERFERENCE;  ■  Caused  by  radiation  of  magnetic  field  from  a  trans¬ 
mitter  and  induced  or  ”plcked-up"  by  a  receiver  located  at  a  considerable  distance 
from  the  transmitter, 

RANGE  (R);  Difference  between  highest  and  lowest  (Aaervation, 

REAL-TIME:  The  perform.ince  of  a  compulation  during  the  actual  time  that  the 
related  physical  process  transpires  In  order  that  results  of  the  computations  are 
useful  in  guiding  the  physical  process. 

REDSTONE  ARSENAL:  The  U.S.  Army's  missile  test  and  development  center 

f 

located  in  Alabama,  Several  Los  Angeles  firms  do  work  there  and  purchase  ma¬ 
terial  for  this  work  from  SWC  and  Bucky  Harris  Company. 

RELATIVE  HUMIDITY:  The  ratio  of  the  quantity  of  water  vapor  present  in  the 
atmosphere  to  the  quantity  which  would  saturate  It  at  the  existing  temperature. 

RESILIENT:  The  property  of  a  substance  to  return  to  its  original  configuration 
after  release  of  an  applied  force. 

RESIN:  An  organic  substance  of  natural  or  synthetic  Origin  characterized  by  being 
polymeric  in  structure  and  predominantly  amorphous.  Most  resins,  though  not 
all,^  are  of  high  molecular  weight  and  consist  of  long  chain  or  network  molecular 
structure;  Usually  resins  are  more  soluble  in  their  lower  molecular  weigld  forms. 


RESISTIVITV;  The  ability  of  a  material  to  r.esist  paseage  of  electrical  current 
either  through  .its  ch)S6-section  oron  the  surface.  The  unit  of  volurhe  resiatlvjty 
is  the  OHM-*CM:  of  surface  resistivity,  the  OHM.  ■ 

RETMA:  SeeEfA.  ■  ■ 

RF:  Abbreviation  for  the  term  "radio  frequency”.  Usually  considered  the  fre¬ 
quency  spectrum  abOve  10,000  cycles.  (10  KC) 

RF  CONNECTOR;  Connector  used  for  connecting  or  terminating  coaxial  cable. 

RG  -  Radio  Frequency  (Government):  Prefix  for  coaxial  cables. 

RG  17/U:  A  coaxial  cable  having  specific  chaiacteristics  and  construction.  The 
prefix  RG  means  "radio  frequency  government".  The  nunjber  17  is  the  numerical 
assignment  and  U  means  for  universal  use. 

RMS:  Abbreviation  for  "root-meah-square".  When  the  terra  is  applied  to  voltages 
arid  currents  it  means  the  effective  value,  fhat  is  -  it  produces  the  same  heating 
effect  as  a  direct  current  or  voltage  of  the  same  magnitude. 

Example:  I^ms=W 

S 

SAMPLE  (X):  A  limited  number  of  items  Selected  at  random  from  a  population, 

SECONDARY  INSULATION',  A  non-conductlve  material  whose  prime  functions  are 
to  protect  the  conductor  against  abrasion,  and  provide  a  second  electrical  barrier 
placed  over  the  primary  insulation  or  the  shield. 

SEGMENTAL  CONDUCTOR:  In  tingle  conductor  cables  1,000,000  C.M.  or  more, 
the  conductors  are  divided  into  three  or  four  segments  Insulated  from  each  other 
by  paper  tapes  to  reduce  current  resistance  In  AC  circuits. 

SELF-SUPPORTING  AERIAL  CABLE:  A  cable  consisting  of  one  or  more  insulated 
conductors  assembled  or  cabled  with  a  steel  core  or  attached  to  a  separate  steel 
cable,  which  supports  the  weight  of  the  cable.  It  may  be  from  pole-to-pole  or  in 
a  vertical  position  in  a  tower. 

SEMI-CONDUCTING  JACKET:  A  jacket  having  a  sufficiently  low  resistance  so 
.  that  its  outer  surface  can  be  kept  at  substantlaliy  ground  potentfal  by  a  grounded 
conductor  in  contact  with  it  at  frequent  intervals.  /. 
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$HEATH:  The  outer  covering  or  jacket  over  the  insulated  conductors  or,  provide 
mechanical  protection  lor  the  conductors. 


I 


SHIELD:  A  metaliic  sheath  placed  around  an  Insulated  conductor  or  group  of  con¬ 
ductors  to  protect  against  extraneous  currents  and  fieids.  Generaiiy  this  shield 
is  a  metallic  braid,  but  it  couid  be  spiraled  copper,  aluminum-backed  Mylar  tape, 
or  conductive  vinyl  or  rubber. 

SHIELDED  CONDUCTOR:  An  insulated  conductor  which  has  been  shieided  by  a 
copper  braid  or  tape,  or  aluminum  foil,  or  copper  foil,  or  a  semi-conductive 
vinyi.  The  purpose  is  to  confine  the  electrical  field. 


1 


SHIELDED  PAIR:  A  shielded  pair  is  a  twisted  pair  over  which  a  metai  covering 
has  been  applied.  The  metal  covering  is  usually  In  the  form  of  a  bare  or  tinned 
copper  braid  but  may  be  metal  ribbon  or  metal  backed  Mylar  tape. 

SKr'NT  WIRE;  A  conductor  joining  two  parts  of  an  electric  circuit  to  divert  oart 
of  the  current.  , 


SIGNAL  CONDITIONING:  An  Intermediate  means  which  Includes  all  system  ele¬ 
ments  that  are  used  to  perform  necessary  and  distinct  operations  in  the  measure- 
rrient  sequence  between  the  primary  detector  and  end  device.  The  Intermediate 
means,  where  necessary,  adapts  the  operational  results  of  the  primary  detector 
to  the  Input  requirements  of  the  end  device.  * 


SIGNAL  GENERATOR:  A  device  used  to  furnish  current  at  a  known  radio  fre- 
quency,  modxdated  and  to  deliver  a  measured  voltage  only  at  the  terminals  of  the 
'  generator  without  appreciable  radiation  at  any  other  points. 

,  ,  SIGNAL  TO  NOISE  RATIO:  Ratio  of  the  power  of  the  Signal  to  t.hat  of  the  noise. 

,  j  i  This  term  is  usually  expressed  in  terms  of  peak  valuer  ae  c  <se  of  Impulse 

i  -  noise  and  in  terms  of  root-mean-square  values  in  the  CttSe  of  random  noise. 

j  ’  SILICONE:  Polymeric  materials  in  which  the  recurring  chemical  group  contains 

j  ;  silicon  and  oxygen  atoms  as  links  in  the  main  chain.  A  therroosetfng  piaatic 

material  used  for  wire  and  cable  covering,  that  is  thermally  stable  and  with 
electrical  properties  exceeding  those  of  most  organic  polymeps. 


SINTERED:  Usually  refers  to  curing  of  teflon.  I 


1  ;  -  American  Standard  30.11.045 


V 


S’.EEVING:  Tubed  Insulation  used  over  wire  or  cable  for  Insulation  pui^ses  such 
as  vinyl;  glass  Impregnated  silicone;  aixl  teflon. 

flOLDERABLE  KYLON  UTZ:  Llu  wire  male  up  of  Soldereze  strands  mllh  a  nylon 
serve  overall.  . 

SOLDEREZE:  A  trade-name  for  a  magnet  wire  Insulated  with  polyurethane  base 
enamel. 

SOLID  CONDUCTOR:  A  conductor  composed  Of  one  wire.  Generally  sUcs  18 
through  6,  used  where  flexibility  Is  not  one  of  the  requirements. 

SONAR;  Type  of  equipment  used  for  detecting  undervvater  sound  waves. 

SPECIFIC  GRAVITY:  The  density  (m.%ss  per  unit  volume)  of  any  material  divided 
by  that  of  water  at  a  standard  temperaturo. 

SPECIFIC  INDUCTANCE  CAPACITY  (SK):  Dielectric  constant  of  Insulating  ma- 
terlal. 

STABILIZER:  .Vn  Ingredient  added  to  some  plastics,  to  maintain  physical  and 
chemical  properties  thro*jgh  processltig  and  service  life. 

STANDARD  DEVIATION  (»,S):  Measure  of  the  dispersion  of  values. 

X  «  sampled  xmlue,  »  •  number  of  samples,  H  M mean 

i  STRAND;  A  strand  Is  one  of  the  wires,  or  groups  of  wire*,  of  any  stranded  con¬ 
ductor. 

STRANDED  CONDUCTOR:  A  conductor  made  with  a  specified  number  of  strands,^'* 
Rope  fctrand,  for  example,  is  a  condufto-  ..^ade  of  multiple  groups  of  strand.  A 
7  X  18  rope  strand  lv.»*  19  wires  laid  Into  a  group  and  then  7  of  such  groups  laid 
Into  a  conductor. 

SURFACE  LEAKAGE:  The  passage  of  current  over  tho  boundary  surfaces  of  ah 
Insulator  as  distinguished  from  passage  through '13  volume. 

SURGE:  A  transient  variation  In  the  current  and/or  polet  tlal  at  any  pKiInt  In  the 
circuit..- 
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SYSTEM  ACGISACY;  A  measure  of  a  system's  ability  to  reproduce  an  Input  signal 
faithfully.  If  Input  Signal  Is  10  V  and  the  output  signal  is  0.69  V  tJ>e  error  is 
O.Oi  V  aid  the  percent  error  Is  0. 1%  and  the  system  accuracv  is  99.  B%,  It  Is 
often  common  to  specify  accuracy  in  terms  of  percent  error.  In  the  above  exam¬ 
ple  tWs  would  be  0. 1%. 

TE0LAR:  Trade-name  of  the  E.  t,  du  Pont  Company  for  a  polyvinyl  fluoride  film 
with  outstanding  we.itherabUlty  and  Oiormbformability  properties.  It  tos  a  high 
flex  life  i-;er  bread  temperature  range,  with  high  tensile  and  dielectric  strength, 

TEFLON:  Tetrafluoroethylene,  better  known  as  Teflon,  the  trade-name  of  E. I. 
du  Pont,  is  produced  by  the  total  substitution  of  fluorine  for  hydrogen  in  the 
polyethylene  molecule.  Tills  material  excels  all  other  commercially  available 
thermoplastics  In  chemical  inertness  and  operating  temperature  range,  and  is 
well  suited  for  high  frequency  applications, 

TEFLON  COAXIAL  CABLE:  Coaxial  cable  constructed  with  a  t*^!'  .  dieiectrlc. 

TENSILE  STRENGTH:  The  pulling  stress  required  ;o  break  a  given  specimen. 

TERMINAL;  A  terminal  Is  any  f'tli.ig  used  for  making  a  convenient  electrical 
connection. 

TEST  LE-^TJ;.  Test  lead  is  a  flexible,  insulated  lead  wire  which  usually  has  a  lest 
pro<;  on  one  end.  It  is  ordinarily  used  for  making  temporary  electrical  connections 
The  Insulation  Is  normally  rubber,  the  standard  colors  are  reo  and  black.  Test 
lead  wire  Is  a  standard  stock  F  .  m  at  Standard  Wire  and  Gable  Company. 

THERMAL  CONDUCTIVITY;  The  ability  of  a  given  material  to  conduct  heat. 

THERMAL  EXPANSION  (COEFFICIENT  OF):  The  fractional  change  in  length 
(sometimes  volume)  of  a  materUl  for  a  unit  change  In  temperature. 

TKERhlAL  RESISTANCE:  The  resistance  of  a  substance  to  co.nductivity  of  heat. 

THEiLXtAL  SHOCK;  The  resulting  characteristic  when  a  material  Is  subjected  to 
rapid  and  wide  range  changes  in  temperature  in  an  effort  to  discover  its  ability  to 
"'Withstand  heat  ami  cold.  "  .  "  ;  '  ^  :  -  .  \ 

THERMOCOUPLE;  Thormoccuplee  are  pairs  of  wires  of  dissimilar  metals  con¬ 
nected  at  both  e.nds,  In  which  a  voltage  is  generated  due  to  a  difference  in  tem¬ 
perature  at  the  (unctions.  The  voltage  generated  Is  of  the  order  c<  magnitude 
of  micro  -  or  millivolts,  ■  ■  ' '  - 


THERMOCOUPLE  LEAD  WIRE:  The  thermf/ecui'io  iead  wire  Is  an  insulated  pair 
ot  wires  used  fram  the  couple  to  a  junclloii  box  dr  to  the  recording  Instrument. 

THERMOCOUPIiF  V'lRE;  Wire  drawn  from  special  metals  or  alloys  and  calibrated 
to  established  specifications  for  use  as  thermocouple  pair.  For  example:  Iron, 
coiioiantan,  alumel,  etc. 

THERMOPLASTIC:  A  classification  of  synthetic  resins  that  can  be  readily  softened 
and  resoftened  by  repeated  heating,  and  reharden  when  heal  is  removed. 

THERMOSETTING:  A  classification  of  synthetic  resin  which  hardens  by  chemical 
reaction  when  heated  and,  when  hardened  cannot  be  resoftened  by  heating. 

THIOKOL:  Make  from  petroleum  gas  aiwl  used  as  a  sealing  compouid  for  con¬ 
nectors,  breakouts,  etc.  It  has  excellent  electrical  Insulation  and  oU  and  solvent 
resistant  proper'lss.  '  ’ 

TRANSDUCER:  A  dcvlco  which  converts  the  energy  of  one  transmission  system 
Into  the  etK  n  \  v.  v  »ther  transmission  system.  A  loudspeaker  and  a  phonograph 
pick-up  at  -  ‘  ;•>  *■  maples  of  transducers,  the  former  changes  electrical  energy 
Into  atwa  ."Vv cY.  ®  id  the  latter  clianges  mechanical  Into  electrical  energy. 

TRANSFORMER:  An  electrical  device  which  changes  voltage  In  direct  proportion 
to  Currents  and  Inverse  proportion  to  the  ratio  of  the  number  of  turns  of  Its  primary 
and  secondary  windings. 

TRANSISTOR:  A  transistor  Is  a  small  unit  composed  of  semf-conducUng  material. 
It  requires  no  fUanicnl  or  heater  voltage  to  operate  and  Is  very  small.  It  replaces 
conventional  radio  tubes. 


TRANSITE;  The  inidc-iutmo  of  Johns  MnnvlUe  Asbestos-Cement,  it  is  made  In 
pipe  and  fitting  lorm,  (or  use  in  building  bdustry  lor  use  as  electrical  conduit. 

TRANSMISSION  LINE;  One  or  more  Insulated  conductors  arranged  to  transmit 
electrical  energy  signals  from  one  locality  to  another. 

TRAP  WIRE;  A  low  voltage  wire  used  at  hinge  points,  whore  severe  flexing  occurs, 
usually  In  burglar  alarm  systems.  It  Is  made  with  tinsel  conductor.. 


TRIAX:  A  type  of  shielded  conductor  that  employs  a  shield  and  jacket  over  the 
primary  InsulaUpn  plus  a  second  shield  and  Jacket  overall.  Aside  from  .applications 
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requiring  niaxlmuni  attenuation  of  radiated  signals  or  minimum  pick-up  ctf 
external  interference,  this  cable  can  also  be  used  to  carry  two  separate  signals. 

TV  CAMERA  CABLE:  A  portable,  flexible  cable  consisting  Of  several  coaxial 
cables,  and  other  conductors  cabled  together,  overall  shield  and  usually  neoprene 
jacketed.  It  is  used  to  carry  signals  between  the  camera  and  transmitter  and 
plate  and  heater  currents  to  the  camera, 

TWISTED  PAIR  (TP);  Two  Insulated  conductors  twisted  together  and  often  color 
coded.  .  ; .  ■ 

UF:  single  or  multi-conductor,  with  or  without  ground,  used  for  direct  burial 
underground  feeders  and  branch  circuits  between  buildings,  yard  lights,  flood 
llglits,  and  smaller  installations.  ,, 

EG:  The  two  letter  designation  that  precedes  the  nunfberof  connectors  for  coaxial 
cable.  It  means  Unlvori-al  Government, 

VHF;  Ultra  High  Frequency.  .  '  1  . ;  ■  ,  . 


UL:  Underwriters  I^iboratcrlcs  Inc.*  chartered  as  a  non-profit  organisation, 
maintains  and  operctes  laboratories  for  the  examination  and  testing  of  devices, 
systems  and  materials  as  to  their  relation  to  life,  fire  and  casualty,  hazards  and 
crime  prevention.  Founded  in  1891,  (he  enterprise  is  sponsored  by  the  National 
Board  of  Fire  Underwriters,  It  is  operated  for  service,  not  for  profit. 

UL  APPROVED:  A  product  that  has  been  tested  to  Undorwrlters  Laboratories 
standards  and  approved  by  UL'.  ,  :-S  : 

UMBILICAL  CABLE:  A  lifeline  cable  used  for  lie  main  power  supply  to  the 
missile  In  order  to  launch  it.  It  Is  attached  by  means  of  a  connector  which  de¬ 
taches  as  the  missiie  becomes  airborne,  -~: 

UNSINTERED;  Means  oncured.  This  word  Is  usually  used  to  differentiate  be¬ 
tween  cured  ind  uncured  teflon  tape, 

UTILITY  POWER  SYSTEM;  That  portion  of  the  electrical  power  distribution  sys- 
tetn  on  the  primary  side  of  the  test  facility  main  service  iransforraer(s)  whether 
the  system  Is  operated  by  a  commercial  utility  or  by  an  agency  of  the  United 
States  Government,  :  ■  - 

VARIANCE:  Square  of  the  standard  dev  iation=  r(.x  -  -  1)  ^ 

X  =  sampled  value,  x  =  moan  (arUnematic  av''.’ago)j  n**  number  of  samples 


VISCOSITY:  A  measure  of  resistance  to  fluid  flow,  usually  through  a  epeclfic 
orifice. 


VOLT:  A  unit  Of  eiectromotive  force. 


VOLTAGE  BREAKDOWN:  Test  to  determine  maximum  voitage  of  insulated  wire 
before  electrical  current  leakage  through  insulation. 

VSWR;  Voltage/standing/wave/ ratio.  The  ratio  of  the  voltage  maximum  to  voitaga 
minimum  which  exists  in  a  transmission  line.  Caused  when  there  Is  reflection  of 
incident  wave,  due  to  discontinuity  or  Improper  match  to  the  transmission  line. 

VULC/VNIZATION:  A  chemical  reaction  in  which  the  physical  properties  of  an 
elastomer  are  changed  by  reacting  it  with  sulfur  or  other  cros8-llnkir.g  agents. 

WORKING  UFE:  The  period  of  time  during  which  a  liquid  resin  or  adhesive  re¬ 
mains  usable  after  mixing  with  catalyst,  solvent,  or  other  compounding  Ingredients^ 

WORKING  VOLTAGE:  The  recommended  maximum  voltage  of  operation  for  an 
insulated  jnductor.  Usually  set  as  approximately  1/S  of  the  breakdown  voltege. 

YIELD  STRENGTH:  The  lowest  stress  at  which  a  material  undergoes  plastic 
delormatlon.  Below  this  stress,  the  material  Is  elastic;  above  it,  viscous. 
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Interference,  Including  longitudinal  (common-mode),  transverse  (differen¬ 
tial-mode),  and  magnetic  field  interference. 

26.  "Bibliography  on  t^xtra-ITigh-Voltage  Svstems"  by  P.  A.  Abettl,  from 
Trans.  AIEE.  Vol.  77  (Power  Apparatus  and  Systems),  pp.  1017-1535, 
February  1959.  A  bibliography  of  839  references  on  EHV  systems.  ' 

Those  of  Interest  in  this  bibliography  deal  with  interference  from  cOrona 
disdiarge. 

27.  "Conimoii-Mode  Rejection  in  Wideband  DC  Systems,"  ay  J.  L.  Kimball 
from  Electronics.  VoJ.  34,  pp.  61-62;  February  1901.  Differential 
amplification  with  high  common-mode  rejection  obtained  by  two  wideband 
DC  amplliiers.  One  amplifier  suppresses  the  tnterference  as  much  as. 

130  DB. 

28.  "Controlling  Magnetic  Field  Interference  in  Wiring,"  Electrical  Manu¬ 
facturing.  pp.  127-129;  October,  1959,  The  determination  of  proper 
circuit  spacing  to  avoid  detrimental  magnetic  pickup  in  low-level  circuits 
is  analyzed,  and  a  nomograph  to  simplify  calculations  is  presented. 

29,.  "DC  Amplifiers,  Their  Design  and  Use, "  by  Robert  S.  Melsheimer 
Instrument  File,  Moxon  Electronics  Corporation.  , 

30.  "Electrical  Interference  in  Instrumentation'-  its  Causes  and  Remedies," 

(Part  I),  instrumentation  Society  American  Journai,  Vol.  I,  pp.  49-50; 
November,  1954,  by  J.  C,  Coe  Interference  from  electrostatic,,  magnetic 
and  radio-frequency  sources  is  discussed.  Other  subjects  covered  are 
interference  detection,  contact  arc  suppresston,  and  shielding  of  signal 
leads.  ■  . 

31.  "Electrical  Interference  in  instrumentation  -  its  Causes  and  Remedies. " 
by  J.  C.  Coe,  (Part  II),  Instrumentation  Society  A-merican  Journal,  Vol.  , 

1,  pp.  33-35;  December  1954.  A  general  discussion  of  filtering,  grounds, 
grounding  systems,  and  desirable  slgral  levels. 


o2.  "Electrical  Noise,"  J.J.  Freeman,  Electro-Technology,  Voi.  66,  pp. 
125-144;  November,  1960. 

33.  "Electrical  Noise,"  W.  R.  Bennett,  McGraw-Hill  Book  Co. .  Inc.,  New  York, 
New  York;  1959,  Treats  noise  in  devices  in  mean-square  teruis. 

34..  "Electrical  Noise  Irom  Instrument  Cables  Suhjected  to  Shock  and  Vibration-," 
T.  A.  Peris;  J.  Appl,  Phys. ,  Vol.  23,  pp,  674-680;  June,  1952.  A 
.  discussion  of  means  for  reducing  spurious  signals  ;;cnerated  by  the  move¬ 
ment  of  instrument  cables  connected  in  high  Impedance  circuits.  . 

35.  "Electrical  Pickup  Problems  in  the  Application  of  Electronic  Instruments 
and  Controis,"  Preprint  Instrumentation  Society  American  31-H60;  1960. 
Discussion  of  interference  sources  commonly  encountered  in  measurement 
and  control  systems,  mvx:hanl3nis  coupling  interference  to  the  instruments, 
and  methods  of  combating  the  interference  effects. 


36.  "Electronic  and  Radio  Engineering,"  by  Frederick  E.  Terman,  McGraw- 
Hiil  Book  Company,  Fourth  Edition,  1955. 
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37.  "Elimination  of  Electrical  Interference  in  High  Temperature  Thermocoupie 
Installations, "  by  J.  R.  Nilson,  Instrumentation  iiociety  American  Conference 
Preprint  36-SF60,  presented  at  the  Instrument  Society  of  Amei  lea  Summer 
Instrument-Automation  Conference  and  Exhibit,  San  Francisco,  Calif.;  May, 
1960. 

38.  "Eliminating  Pickup  Noise  in  Test  Equipment,”  by  G.  Golick,  (Part  1), 
Electronic  Design,  April,  1962;  (Part  11),  April,  1562.  Description  of 
pickup  sources  and  recommendations  for  reduction  of  pickup  effects. 
Recommendations  for  wiring  procedures  and  rules  for  minimizing  noise  in 
a  complex  test  panel. 


39.  "Eiectrctmgnetlc  Compatibility  Survey  of  Findings  on  Cabling,  Shielding, 
and  Connectors.  GAM-87A  Program,  ”  ASTIA  AD  400621.  March,  1963. 

A  summary  of  findings  on  power  supplies,  cabling,  shielding,  grounding  and 
connectors.  Rules  and  importajit  tost  re.suils  are  given. 

40.  "Electromagnetic  Coupling  Between  Coaxial,  Single-Wire,  Two-Wire,  and 
Shielded  Twisted  Pair  Cables,  "  by  M.  KapUt.  Proceedings  of  the  Ninth 
Trl-SUUe  Conference  on  Electromagnetic  Compatibility,  October,  1963. 


41.  "Effect  of  Unbalanced  Impedance  ia Differential  Measurement  Systems," 
The  Epsco,  Inc.,  Library  of  Technical  Papers,  No,  262-101. 

42.  "Flexural  Noise  In  Cables."  Bell  Lab.  Record.  Vol,  37,  pp.  305-308; 
August  1959,  by  R.  A.  Rasmussen.  Causes  of  cable  noise  are  discussed. 
A  ntechine  for  comparing  flexural  noise  among  cables  is  described  with 
some  test  results. 

43.  "General  Comments  and  Techniques  in  using  l-MC  Logic  Cards"  by 
David  H.  Hartke,  Senior  System  Engineer,  Consolidated  Systems 
Corporation,  Technical  Memorandum  244,  .August  1963. 

44.  "Ground  Connections  for  Electrical  Systems,**  Technologic  Papers  of 
the  Bureau  of  Standards.  Number  108,  by  O.  S.  Peters,  June  20,  1918. 

45.  "Grounding  Electric  Circuits  Effectively"  by  J,  R.  Eaton,  Bulletin  25T2, 
James  G.  Biddle  Company. 

46.  ,  "Grounding  of  Industrial  Power  Systems"  AIEE  No.  953,  Institute  of 

Electrical  and  Electronic  Engineers,  1956. 

47.  "How  to  Solve  Noise  Problems  of  DC  Transducers  on  Long  Lines, "  by 
R.  T.  Nakasone,  Instrumentatipn  Society  American  Journal,  Vol.  6,  pp. 
68-72;  November  1953.  Discusses  electric  field  noise,  electromagnetic, 
field  noise,  and  electrostatically  generated  noise  in  transmission  lines. 
Methods  for  reducing  the  effects  on  electronic  Instrutaentation  are  ' 
discussed. 

48.  "High  Voltage  DC  Test  Program  of  the  Bonneville,  Pow’er  Administration, 
The,  "byR.  S.  Gens  and  R.  F.  Stevens,  Electrical  Engineering,  April, 
1963. 

49.  "How  to  Evaluate  DC  Differential  Amplifiers,"  W.  G,  Royce,  Electronic 
Design,  p.  50;  August,  1962.  Discusses  tests  for  evaluating  the  perform¬ 
ance  of  DC  differential  amplifiers,  Including  common-mode  rejection  , 
and  noise  tests. 

50.  "How  to  Obtain  Good  System  Accuracies  \\T»en  Measuring  Mlcro-Volt-Levei 
Output  Signals  from  Grounded  Strain  Gages  and  Thermocouples  (Advertise¬ 
ment), "  IONjrEL_Divisionj_of_Colin_^lectronics^_Inc. 
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51.  "liidustfial  Power  System$  Data  Book, ''  General  Ele  .-tric  Company. 

52.  "Information,  Transmission,  Modulation  and  Noise, "  M.  Schwartz, 
McGraa’-Hill  Book  Co. .  Inc. .  New  York,  New  York,  1959, 

53.  "Instrumentation  for  Engineering  Measurenient,"  by  R,  H.  Cernl  and 
L.  E.  Foster,  John  Wiley  &  Sons,  Inc. ,  1 902. 

54.  "Interference  Control  Techniques,"  Sprague  Electric  Co.,  Interference 
Control  Field  Service  Department,  Paper  No.  62-1.  An  extensive 
discussion  of  interference  sources,  particularly  RFI,  .and  methods  for 
reducing  Interference  effects.  Some  techniques  applicable  to  lower-- 
frequency  interference. 

55.  "Interference  In  Railway  Line-Side  Telephone  Calile  Circuits  from  25  KV  50 
C/S  Traction  Systems,  Vot.  15,  pp.  279-299;  October,  1959.  Calculations 
of  induced  EMF  due  to  magnetic  induction  and  analyses  of  electromagnetic 
screening  by  sheath  and  external  conductors  are  given.  Rail  and  sheath 
currents  are  discussed. 

56.  "Isolating  the  Causes  of  Common-Mode  Noise, "  by  R.  B.  Fradclla,  Senior 
Deslgit  Engineer,  Space-General  Corporation,  Electronics  Design,  August  30, 
1963,  pp.  34, 

57.  "Low-Levei  Electrical  Sigiuts  in  Industry,"  P.  H.  Sterling  and  H.  Ho, 
Industrial  and  Engineering  Chemists,  Vol.  53,  pp.  119A,  120A,  122A,  123A; 
November,  1981.  Stray  voltages  ntay  present  serlou.s  problems  witli  micro¬ 
volt  measurements.  Consideration  Is  given  to  effect  of  stray  signals,  how 
straws  arise,  mlnimizbig  stray  pickup. 

58.  "Low-Level  Thermocouple  Amplifier  and  a  Temperature  Regulation  System," 
T.  M.  Dauhphlnee  and  S,  C.  Wood,  Science  Instructors,  Vol.  26,  p.  693; 
July,  1955.  Describes  a  breaker-type  DC  amplifier  for  measurement  of 
thermocouple  voltages  as  low  as  10'^  UV  (10*  '  V).  A  brief  discussion  of 
interference  effects  is  included, 

59.  "Magnetic  Fields  Affect  Strain  Gages,"  J.  Gunn  and  E.  Billinghurst,  Control 
Engineering) "Vol.  4,  pp.  109-111;  August  1957.  Results  of  tests  on  the 
effect  of  magnetic  fields  on  "Elinvar"- strain  gages  demonstrate  the  magneto 
resistive  effect. 


60.  "Th(;  measuremoiit  of  Small  Signals,  in  the  Presence  of  Com nioa- Mode 
Interference,"  L.  V,  Mayhead,  ElectrO'iic  Engineering,  Vol.  34,  pp. 
483-485;  July,  1002.  Discus.ses  interference  problems  in  data  proce.ssing 
equipment  measuring microvolt  sigiwls  from  strain  gages,  thermocouples, 
etc. ,  in  relation  to  various  forms  on  input  arapWiers. 

61.  "Methods  of  Solving  Noise  Problems,  "  W.  R.  Bennett.  IRE.  Vol.  44, 
pp.  609-638;  .May,  1956.  Tutorial  paper  on  mathematital  concepts  and 
techniques  used  for  calculating  a  system's  r'esponse  to  noise. 

62.  "Noise  C  ntrol  in  Low-Level  Data  Systems,"  A.  3.  Buchman,  Elect ro- 
niech.anical  Design.  PP.  64-81;  September,  1962.  Discusses  lx)th 
common-mode  and  normal-mode  (dlfferentlat-mode)  interference  in 
data  systems  an, ^  uractical  remedies. 

63.  "Noise-free  Cable."  Instrumentation.  Vof.  25,  p.  644;  May,  1952.  A 
brief  discussion  of  a  noise-free  cable  developed  by  NBS  and  presented  in 
their  Te'-hnlcal  Report  No.  645, 

64.  "Practical  Handbook  for  Location  and  Prevention  of  Radio  Interference 
from  Overhead  Power  Lines, "  J,  C,  SennandD.  B.  Wright  (U.  S.  Civil 
Engineering  Research  and  Evaluation  Lab.,)  PB131017,  OTS,  U.  S. 

Dept,  of  Commerce,  Washington,  D.C.,  November,  1956.  Describes 
in  nontechnical  terms  the  common  causes  of  Interference  from  overhead 
power  lines.  Lists  curative  measures. 

65.  "Pyrex  Brand  EC  #70-Low  Brightness  Lens  Panel  for  the  Sliielding  of 
Radiating  Radio  Interference  from  Fluorescent  Lamps.  " 

66.  "Quiet  Wiring, "  W.  MortOn,  Electro-Technology,  Vol.  67,  pp.  78-81; 
March,  1961.  Description  of  noise  sources  with  particular  reference  to 
data  systems.  Methods  of  reducing  noise  effects  are  presented. 

67.  "Realization  of  Compatible  Structure  Grounding  Systems,  The,"  by 

H.  W.  Ervin  and  D.  R.  Lightiier  and  Robert  Powers.  Proceedings  of  the 
Ninth  Trl-State  Conference  on  Electromagnetic  Compatibility,  October, 
1903.  .  . 

68.  "Resistor  In  Preamp  Ground  Reduces  Interference,"  Electrical  Design 

.  News,  p.  73;  September  1961.  Metliod  to  place  major  part  of  common- 
mode  voltage  In  intermediate  levtl  rather  tlian  low  level  circuits.  Useful 
for  low  impedance  common- miode  sources. 
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69.  "Reciucliit;  Electrical  Interference, "  E.  S.  Ida,  Control  Engineering,  Vol.  :  . 

9,  pp.  107-111;  February,  1962. 

70.  "Rejecting  Common-Mode  Noise  iti  Process  Data  Systems,  '*  James  Jursik, 

IDM  Corpor.-tloii,  Contri...  Engineer,  August,  1963,  pp.  61. 

71.  "Shielding  and  Grounding  Teclinlques.”  D.  D.  Clark.  ASTIA  AD  276882. 
Discussion  of  basic  coupling  mechanisms  for  Interference  (primary  RFI) 
and  of  effective  shielding  and  filtering  techniques  Including  proper  grounding 
of  equipment.  Extensive  reference  list. 

72.  "Shielding  in  Modern  Computer  Design,"  C.  M.  Jorgensen,  Automatic  Control; 

I  December,  1958.  General  discussion  of  electroKtatlc  and  electromagnetic 

'  shielding  principles  and  application  of  tliese  principles  to  computer  design. 

73.  "Shielding  Theory  and  Practice, "  R.  B.  Schulz,  IJ.  C.  Plants,  and  D.  R. 
Brush,  Proceedings  of  the  Ninth  Trl-Statc  Ccnference  on  Elcctroniagnetlc 
Compatibility. 

74.  "Sources  and  Properties  of  Electrical  Noise, "  Electrical  Engineerhig,  Vol. 

73,  pp.  1001-1006;  November,  1954.  Natural  noises  such  as  "Johnson 
noise,"  sliot  noise,  and  contact  noise  are  reviewed,  Man  made  noises  such 
as  Interference  signals,  power  hum,  impulse,  noise,  and  quantitlzing  noise 
are  considered. 

75.  "Solving  Pickup  Problems  In  Electronic  Instrumentation , "  Instruiiientotlon 
Society  American  Journal,  W.  McAdam  and  D,  Vandeventer,  Vol.  7,  pp, 

48-52;  April,  1960.  See  abstract  of  reference  Immediately  preceding. 

76.  "Sources  of  Instrument  Error,  "  R.  Cernl,  Instrumentation  Society  American 
Journal.  Vol.  9,  pp.  28-32;  June  1962.  Briefly  discusses  various  Inter¬ 
ference  errors.  Itemizes  and  defines  Interference  sources,  but  does  not 
discuss  In  detail  methods  of  eliminating  Interference. 

77.  "Specifying  Transformers  for  Low-Level  Systems"  by  Troy  Burgess, 
Electronic  Products  Magazine,  February,  1963. 

78.  "Statistical  Theory  of  Signal  Detection,  "  C.  W.  Helstrom,  Perga  nion  Press, 
London,  England;  1960.  Standard  book  on  statistical  techniques  needed  to 

— ;  extract  a  signal  from  noise. 
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79.  "Thermocouple  Meaeurements  In  an  RF  Field,"  Infltru  mental  Ion  .Society 
American  Journal.  L.  E.  Bollinger,  Vol.  2,  pp.  3,  ‘1-340;  September, 
1055.  Discussion  of  temperature  measurement  problb...s  created  by 
the  radio-frequency  field  of  an  Induction  furnace,  and  filter  methods  to 
reduce  this  type  of  Interference. 

80.  "Total  Shields  Solve  Systems  Problems."  Electrical  Design  News,  pp. 
90,  May,  1963. 

81.  "Transformer  Connections,"  General  Electric  Company  Publication  No. 
GET-2F.  1956. 

82.  "Trouble  Siiootlng  In  Advance  by  Proper  Wiring  Design,  *'  G.  Welaa, 
Control  Engineering,  Vol.  1,  pp.  49-54;  September,  1954.  Presents 
analysis  of  Interference  problems  and  preventive  methods  of  reducing 
pickup.  Although  slanted  towards  servo  systems,  the  article  is  of 
general  Interest. 


